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1.0 INTRODUCTION

Inspection of test data from the TPTA and JES test series revealed incon-

sistencies 1in the measured pressure increase in the cavity between the
primary and secondary seals (VA) of the field joint (see Figure 1). These
inconsistencies are significant, since they indicate the position of the
O0-rings prior to pressurization ("seated" versus "unseated"). Subscaled
testing was performed to explain that the differences seen 1in the VA
pressure increases can be attributed to O-ring movement caused by joint
axial motion occurring during the motor ignition transient and prior to
experiencing pressurization. The purpose of this report is to document

test results and compare it to the analysis contained 1in TWR-18791

(Reference 1).
2.0 SUMMARY

Tests were conducted according to the procedure outlined in ETP-0417
(Reference 2) and performed at Thiokol Corp. M-15 laboratory. The test

matrix is shown in Table 1.

The test objective, to determine if the O-rings become "unseated" during
SRM motor ignition due to joint axial displacement, was accomplished. Test
results are contained in Appendix A and summarized 1in Tables 2 through 5.
Those tests labeled with the same test number were performed using the same
fixture assembly. Calculations to determine initial Vé volume are
contained in Appendix B and the predictions for V4 pressure increase are in
Appendix C. Testing concludes that joint axial displacement does have a
significant affect on O-ring positioning prior to pressurization. The
analysis reported in TWR-18791 concluded that on the JES and TPTA tests
some secondary seal movement occurs and it is highly probable that some

primary seal movement also occurs. Testing and analysis concur with each

other.

TWR-19794
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Figure 2

V4 Pressurization Scenarios

Two Va pressurization scenarios were tested and are described in Figure 2.

The minimum pressure increase is seen when both primary and secondary
0-rings remain in their "seated" position through axial motion and primary
O-ring pressurization, at which time the primary is deformed against the
aft wall (see Figure 2; Scenario #l: a, b and c¢). This results in the
largest possible final V4 cavity volume, thus the minimum pressure
increase. The maximum pressure increase is seen when both "seated" O-rings
roll or slide across the grooves, coming in contact with their respective
forward wall, followed by primary O-ring pressurization (Figure 2; Scenario
#2: b and c¢). This results in the smallest possible final V4 cavity

volume, thus the maximum pressure increase.

TWR-19794
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Table 1- V, Pressurization Test Matrix

NUMBER SQUEEZE AXIAL GROWTH TEMPERATURE
OF TARGET RANGE TARGET RANGE (DEGREES FAHRENHEIT)
TESTS (%) (INCHES)
SCENARIO #1
24.0-27.0 0.020-0.025 75
24.0-27.0 0.030-0.035 75
24.0-27.0 0.0 75
SCENARIO #2
4 24.0-27.0 0.020-0.025 75
4 24.0-27.0 0.030-0.035 75
4 24.0-27.0 0.0 75
TOTAL = 53

SCENARIO #1: WITH BOTH O-RINGS IN THE PROPER, "SEATED" POSITION
SCENARIO #2: WITH BOTH O-RINGS IN THE IMPROPER, "UNSEATED" POSITION

TEST ITEMS DESCRIPTION : - D6AC Steel
- Parker’s V1115-75 molded O-ring,
scarf-joint splice by Hydra-Pak
- Test O-ring Size: 0.290 inch cross-section
9.338 inch inner diameter

Testing consisted of dynamic pressurization tests, including both axial and
radial joint displacements. Testing was performed using the Eccentric
Shaft, Variable Gap Dynamic Test Fixture (see Figures 3 and 4) which allows
independent control of joint axial displacement, radial displacement, and
pressurization. Testing allowed for 3/10ths of a second delay betveen
axial movement and pressure initiation (imitating test data from the TPTA
and JES test series). Test fixture pressurization simulated the SRM motor
ignition transient, following the 3-SIGMA pressure rise rate (11,500
psi/sec) reaching 1004 psig in 0.6 seconds using nitrogen gas as a constant
source (see Figure 5, Reference 3). The displacement versus time curves
are also based on the 3-SIGMA pressure rise curve (see Figure 6). In an

effort to narrow in on the effect of axial displacement, tests were
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conducted both with and without axial movement on both pressurization

scenarios, noting the difference in pressure rise in the VA cavity,

3.0 DISCUSSION

Test results are summarized in Tables 2 through 5. Primary and secondary
0-ring squeeze were determined based on the average O-ring and test fixture
dimensions. Axial displacement is based on the average of the two axial
LVDT measurements. The measured pressure rise in the V4 cavity is com-

pared to the predicted value for each test. The percent difference between

predictions and measured pressure rise is given by:

Prediction - Measured X 100

Measured

The predictions account for the individual O-ring dimensions used for each
test, but assume the same initial VA volume (Vi)' for each scenario, as
later discussed in Section 3.5.2 and calculations contained in Appendix B.
Appendix C contains pressure rise prediction calculations for one

individual test for illustrative purposes only.

Additional tests were added to the initial test matrix to show test
repeatability and compare the V, pressure increase with and without axial
movement. A total of 53 tests were performed. Ease of 0O-ring positioning
for Scenario #1 allowed more testing than for Scenario #2 (discussed
further in Section 3.5.1). Pressure, radial displacement, O-ring squeeze,
temperature, and fixture conditioning remained constant while axial growth
varied. Although, the targeted O-ring squeeze was not met due to
limitations in the test fixture (i.e. cylinder inner diameter too large),

the O-ring squeeze remained relatively constant.
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Table 2: Test Results Summary Table
Scenario #1 - Without Axial Displacement
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Table 3: Test Results Summary Table

Scenario #1 - With Axial Displacement

r~ T T T T T T T T 1
| TEST | AVG INITIAL | AVG INITIAL | AVG. AXIAL | TOTAL TIME | V4 PRESSURE| PREDICTED | DIFF IN | v4 TEST TEMF (°F |
| NO. |PRIMARY O-RING|SECONDARY O-RING|DISPLACEMENT| ASSEMBLED | RISE | PRESSURE |PPESS RISE| START 1 MIN, 2 MI:]
| | SQUEEZE (%) | SQUEEZE (V) | (MILS) | (HOURS:MINS) | {PSIG) | RISE (PSIG)| (%) DIFF | |
1 } } i J —. i L |
T 1 L L - S— T 1 T 1 1
[ N 17.1 | 19.1 | 20.8 | 22:30 | 1.72 | 2.45 | 42.4 | 763 s 6.9, 110 |
[l i Y | L — 4 ul - |
r 1 i 1 T 1 1 T 1 1
| 2 17.5 | 19.7 | 23.3 | 24:40 ] 1.90 ] 2.25 | 18,4 | Ty, 176 /776 ]
1 L i N i - | l L i
| T T i T L lf T T 1
I3 17.1 | 19.7 ] 25.0 | 18:45 | 2.02 | 2.18 I 7.9 | 162 0762, 6.2 |
e | i i S | . } 1 ] |
4 7 T I T T T T T 1
| N 17.5 | 19.4 | 24.8 | 20:35 ] 1.91 | 2.34 | 22.5 | 75.9 s 75.9 / 75.9 |
[ — j - e 4 I 1 i i 4 N
! R 1 1 T T T T T 1
| 4c | 17.5 | 19.4 | 24.7 | 20:35 | 1.87 | 2.34 ' 25.1 | 76.5 , 76.5 / 75.5]
1 L ] i i —_— — Il - -
! 1 T ¥ t T 1 | 1 1
| s | 17.2 | 19.4 | 24.4 | 22:00 [ 1.90 | 2.37 | 247 | 6.4/ 76.5 / 76.5 |
— ] R | i 4 —). J I ]
T T L 1 T T T T L Rl
| 6 ) 17.4 ] 19.6 ] 23.9 ] 23:45 | 2.22 | 2.32 ] 4.5 | 76.4 , 16.4 s 76.4 |
[ [ 1 1 Il 1 4 | ] -
T 1 1 T T T T ¥ T Al
| 6c | 17.4 | 19.6 | 22.6 | 23:45 | 2.19 | 2.32 | 5.9 | 76.7 , 16.7 , 16.8 |
| — J
T T T T T
AVERAGE = | 23.7 ] 22:04 ] 1.97 | 2.32 | 189 |}
) - 4 4 A i
I I 1 )| i — 1
| I I ! I | l l ! l
| 6o | 17.4 | 19.6 ] 13.3 | 23:45 | 2.87 | 2.32 | -19.2 | 8.4 s 78.4 / 78.4 |
! 1 1 | 4 e l i L |
! T T i U 1 1 T U R
I 7 17.2 | 18.9 | 0.5 | 21:00 | 2.60 | 2.46 | -5.4 | 75.6 /75.7 / 15.8 |
—_ 1 i | -1 H — Il I ;|
T L T R T T 1 T 1 1
] 1 | 17.2 i 18.9 | 1.3 | 21:00 ! 2.70 | 2.46 | -8.9 | 76,3 /6.4 s 16.5 |
| — 1 | i 4 3} i - I !
U T T 1 T T 1 T T 1
| R 17.4 ] 19.2 | 34.0 |  20:55 | 2.70 | 2.48 | -8.1 | 75.8 /75.9 / 75.9 |
1 H H — -4 - i — I ]
T T T R 1 T 1 T 1 1
| sc | 17.4 | 19.2 | 33.9 | 20:5% | 2.76 | 2.48 | -1o.1 | 76.1 /76,1 / 16.1 |
L 1 1 1 i S 3 1 —_ N —
1 T T 1 T T 1 L 1 1
] 9 17.3 | 19.2 | 32.0 | 19:30 ] 2.72 } 2.39 | -12.1 | 74.7 /4.8 / 4.8 |
L l 1 I ul 4 4 —1 l ]
T 1] T 1 ¥ T T i -1 1
jo9c | 17.3 ! 19.2 ] 32.56 | 19:30 | m | 2.39 | -11.8 | 75.4 s 75.5 / 75.5 |
H I ul ) 4 . - I H } ]
I L T 1 i T ¥ T 1 1
| 10 | 17.4 ] 19.7 | 30.6 ]  19:45 | 2.66 | 2.26 j -15.0 | 76.3 / 76.3 / 76.3 |
— ! | l 1 | L 1 } i
H T T T U i T T 1 i
| 10c | 17.4 | 19.7 { 33.7 ] 19:43 ] 3.0% | 2.26 ] -25.9 ) 76.3 , 16.3 / 76.3 |
I Il I 1 . i S ~] . ! !
T T 1 T L 1 T T T 1
[ S 17.1 | 19.9 | 27.0 | 19:40 | 2.46 | 2.19 | -11.0 | 75.9 , 75.9 / 75.9 |
1 | I i o i I i l 4
| B T li T T T Rl 1 -1 1
| 11c 17.1 | 19.9 | 27.5 | 19:40 |  2.%0 | 2.19 | -12.4 | 757,757 s/ 15.6 |
1 | —L ] - ). i e 1 3
| — T T T T li 1 U T 1
] 12 | 16.6 } 18.6 | 35.9 | 21:20 | 2.96 | 2.66 | -10.1 | 6.2 ,76.2 / 16.2 |
i 3 I3 I } } 1 | - | |
I T T T 1 U T 1 B 1
| 120 16.6 | 18.6 | 36.0 | 21:20 | 317 | 2.66 | -16.1 | 75.5 / 75.5 s 75.5 |
L 1 . | l L | — L 1 i
T T ¥ 7 T o
AVERAGE = | 32.2 | 20:37 | 2.76 | 2.40 | -12.8 |
1 1 i} 1 J - J
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Table 4: Test Results Summary Table
Scenario #2 - Without Axial Displacement
r T ~T T T T T T I
| TEST | AVG INITIAL | AVG INITIAL | AVG. AXIAL | TOTAL TIME |V4 PRESSURE| PREDICTED | DIFF IN | ¥4 TEST TEMP ' °F:
| NO. |PRIMARY O-RING|SECONDARY O-RING|DISPLACEMENT| ASSEMBLED | RISE | PRESSURE |I'RESS RISE| START ~1 MIN 2 MIN!
| | SQUEEZE (%) | SQUEEZE (%) | (MILS) | (HOURS :MINS) | (PSIG) | (PSIG) | (%) OIFF |
L L | l il —) 4 b . |
g 1 1 T 1 - T T 1 ]
S G 17.1 ) 19.1 } 0.0 | 21:45 ] 4.22 o217 | -48.6 | 75.8 , 75.2 , 75.9 |
L i § l ] i 1 . 1 |
— t T T T — 1 — T
| 10 | 17.4 | 19.7 | 0.2 | 19:30 | s.0% | 2.1 | -58.2 | 75.3 , 75.9  76.0 |
—t . - F — + - } /
| 11 17.1 | 19.9 f 0.2 | 19:25 | 6.49 | 2.16 | -66.7 | 755, 75.8 7 I5.% ¢
1 | } ] | | . i i {
| — T 1 - 1 i T T '
|12 16.6 i 18.6 ) 0.0 } 21:00 | 3.89 | 2.31 | -40.6 | 76.0 / 76.0  76.0 |
— ' -+ f t + + t '
AVERAGE = f 0.1 | 20:25 | 4.91 | 2.19 | -53.5 |
[} i H A 1 f
Table 5: Test Results Summary Table
Scenario #2 ~ With Axial Displacement
T T 1 - T T I i T 1
} TEST | AVG INITIAL |  AVG INITIAL | :'G. AXIAL | TOTAL TIME | V4 PRESSURE| PREDICTED | DIFF IN | V4 TEST TEMP (°F) |
| NO. |PRIMARY O-RING|SECONDARY O~RING|CISPLACEMENT| ASSEMBLED | RISE | PRESSURE |PRESS RISE| START /1 MIN /2 MIN|
] | SQUEEZE (%) | SQUEEZE (%) | (MILS) | (HOURS:MINS)| (PSIG) | (PSIG) | (%) DIFF | ]
! - I § 1 1 - )y | i
¥ i . 1. L A S S il 1 ——
b2 11.5 } 19.7 | 22.5 | 21:30 | 6.50 | 7.74 | 19.1 | 76.5 , 76.5 / 76.6 }
— ' | | | A e L Ll J
i I T L IS T T 1 T 7
I3 17.1 | 19.7 | 25.1 | 18:30 | 6.61 | 7.65 | 15.7 ] 16.2 s 76. 76.2 |
| — A ! ] ] J— .l I i |
! ! T L i T i 1 B 1
| 4 | 17.5 | 19.4 | 24.3 | 20:35 | 4.17 | 1.86 | 88.s | 75.9 ,/ 5. 75.9 |
| — : i l —1t N A l i |
f f 1 T T T 1 =T BN 1
s | 17.2 | 19.4 ] 25.1 ] 21:5% | 3.70 | 7.90 ] 68.1 ] 75.7 / 75. 75.8 |
— A I} I i — —_—t | — 1}
R t 1 T T T
AVERAGE = | 24.3 | 20:38 | 5.50 | 7.79 | 416 ]
uy } i Il 1 |
1 RN 1 PO . L ) T
[ s | 4 5. L 4 { 4 ]
r T H T T i T T LI 1
s 17.4 | 19.6 | 36.3 | 23:30 | 6.73 | 7.84 | 16.5 ] 75.9 / 75.9 ; 76.0 |
- ! I L I\ i 1. i I ]
! T T T T T T T —
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The test fixture design is such that the radial gap opening is initiated by
rotating the eccentric shaft 180 degrees, moving the piston away from the
cylinder along a three inch circumferential test region (i.e. a floating
radial gap). Therefore, radial displacement alone does not change the v,
cavity volume, so it was not necessary to include these measurements in the
test summary tables. Volume change in the V4 cavity is directly attributed
to the sliding/deformation of the O-rings. Three stoppers located on top
of the piston were manually adjusted to 1limit axial movement. A more

detailed description of the test fixture is contained in TWR-17065

(Reference 4).

3.1 Test Items Description

3.1.1 Piston/Cylinder

The test rig components were fabricated out of stock D6AC steel. A

description of the test grooves are as follows:

PRIMARY GROOVE: SECONDARY GROOVE:

0.215 inch deep 0.208 inch deep

0.359 inch wide 0.351 inch wvide

Includes a 63 Ra single Includes a smooth finish.

point surface finish in

hoop direction.

See TWR-17065 (Reference 4) for a more detailed groove and surface finish

description.
3.1.2 O-rings

The test O-rings were fabricated from Parker’s fluorocarbon (V1115-75)

TVR-19794
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compound per STW9-3315 (Reference 5), and spliced by Hydra-Pak (one splice
per STW9-3319; Reference 6). The test O-ring dimensions were as follows:
9.33 - 9.42 inch Inner Diameter

0.290 + 0.004 inch Cross-Section

The

silicone S650

stated above for the fluorocarbon O-rings.

3.2 Heating/Cooling System

A 50/50 water/antifreeze solution was circulated from a temperature control
inside

unit to

a piston sleeve to

surrounding regions.

3.3 Data Acquisition

Dynamic

motion, pressure, and

companion O-ring was of

heat or

temperature conditions were

the same dimensions as

cool the test O-rings

the instrumentation listed in the following table.

Table 6: Test Instrumentation Gages

PARAMETER

MEASURING METHOD

RANGE, RESOLUTION, ACCURACY

Radial Gap

Axial Motion

Temperature

Dynamic Test
Pressure to
Primary O-ring

V, Pressure
4
Rise

One Linearly Variable Dis-
placement Transformer (LVDT)
(located on cylinder 0.D. at
center of test section)

Two LVDTs (located on top of
piston 180° apart)

Thermocouple (located in V
cavity, adjacent to O-rings)

Pressure Transducer

Pressure Transducer

Range- 0.0 to 0.05 inch
Resolution- 0.00005 inch
Accuracy- 0.0001 inch

Range- undefined

Resolution- 0.2° F
Accuracy- unknown over whole
test range; 2° F estimated

Range- 0 to 1500 psig
Resolution- 0.1 psig
Accuracy- 10 psig

Range- 0 to 15 psig
Resolution- 0.06 psig

REVISION
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Pressure transducer and LVDT data, taken every millisecond for the entire
two minute test, was acquired by a Data Acquisition computer. Instrumen-

tation was available at Thiokol Corp. M-15 lab.

3.4 Test Data Requirements

The data sheets contained in the test plan were modified and completed for
each test. All computer printouts and pressure and displacement traces are

included with the data sheets (see Appendix A).

3.5 Test Implementation

3.5.1 Test Procedure

Testing 1investigated two possible O-ring scenarios for the primary and
secondary O-rings immediately prior to experiencing pressurization, as
previously described i the Summary Section. To achieve Scenario 2
positioning of the O-rings ("unseated"), the piston was assembled into the
bottom of the cylinder and inserted upwards. This assembly rolled the

O-rings into the "unseated" position (see Figure 7).
p g

The fixture was then heated to 120° Fahrenheit and maintained for a minimum
16 hour dwell time to allow for compression set in the O-rings (Reference
dppendix D in TWR-17065). The fixture was cooled to the desired test
temperature of 75°F, -1/+3 and maintained for a minimum of 1.5 hours prior

to testing.

Pressurization to the servo-control actuator initiated rotation of the
eccentric shaft which triggered two switches to employ axial movement and
motor ignition pressurization to the primary O-ring. The switches were

synchronized to delay primary O-ring pressurization 3/10ths of a second

behind axial movement. Nitrogen gas was used as a constant source for
REVISION pocNo.  TWR-19794 l VoL
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/ .
ad > -

Primacry O-cring

Figure 7

Fixture Assembly

O-ring pressurization. The 15 psig pressure transducer, located downstream

of the primary O-ring in the V4 cavity, measured the pressure rise.

Scenario #1 testing followed Scenario #2. To position the test O-rings in
the "seated" Scenario #1 position, 100 psig + 25 pressure vas applied in
the V4 cavity for two minutes. The forward face of the primary O-ring was
subsequently pressurized the same. Testing was then 1initiated as
previously described. Because Scenario #1 tests could be performed without
fixture disassembly, numerous tests were performed for repeatability.
Tests identified with the same test number were performed using the same
fixture assembly (see Test Results Summary Tables).

TWR-19794
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For each test series (those with the same test number), the test fixture
vas cleaned using lint-free cloth soaked in methyl chloroform, 1lightly

greased per STW/7-2999B (Reference 7) and reassembled using new test

- 0-rings. The two test O-rings and silicon companion O-ring were cleaned

using a lint-free cloth soaked in isopropyl alcohol and lightly greased per

STW7-2999B.
3.5.2 Determining Initial V4 Volume (Vi)

The initial volume in the V4 cavity (Vi) was determined to be as follows:

2.345 in>
3.206 in>

O-rings positioned in the Scenario #1 position

0-rings positioned in the Scenario #2 position

Calculations on determining these volumes are contained in Appendix B. The

following steps were performed on one test assembly to determine the

initial volume (Vi) in the V4 cavity.
a. The line system was assembled per Figure 8 located in Appendix B.
b. Valves No.l and No.2 were opened.

c. Nitrogen gas, approximately 8 psig, was supplied to the system from the

supply source.

d. Valve No.2 was closed while Valve No.l remained open. Using a 15 psig

pressure transducer, a leak proof system was verified.

e. Once the pressure stabilized, Valve No.l was closed, Valve No.2 was
opened and vented. The system stabilized for 15 minutes, then Valve

No.2 was closed. Pressure and temperature were noted.

TWR-19794
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f. Valve No.1 was slowly opened. Folloving the complete opening of Valve
No.l, pressure drop and temperature vere immediately noted. Pressure
and temperature were continually noted every thirty seconds for ten
minutes. Because the system consisted of a very small volume,

stabilization occurred within the first minute.

g. Using Boyle’s Law the initial VA volume (Vi) vas determined. To use
Boyle’'s Law, in this application, there must be a known volume. The
volume of the lines, indicated by the broken circle in Figure 8, was
determined by measuring the volume of isopropyl alcohol needed to
completely fill the lines. Isopropyl alcohol was used because of its

lowv coefficient of surface friction.
3.5.3 Determining Final V4 Volume and Pressure Rise

The final Va volume calculations, based on Boyle’s Law, are contained in

Appendix C. The equation follows:

= * * * -

Ve = [(P pp * Vg * T/ ((Pp + 12.7) *# TH] - 12.7
vhere,

Patm = atmospheric pressure = 12.7 psi

Pf = pressure rise in the VA cavity

Vi = initial volume in VA cavity (as

determined in Section 3.5.2)
i = initial temperature in Va cavity

Tf = final temperature in V4 cavity

REVISION DOC NO. TVR-19794 1 vou
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4.0 RESULTS

Results on Table 2 show that the measured pressure rises for Scenario #1
tests, without axial movement, are close to predictions. The highest
percentage difference in pressure rise is 19.8 (test 12B), the lowest is 0
(test 4A), and the average is 10.5. These values assure confidence in the
prediction calculations for Scenario #1. Errors in these calculations can
be attributed to one or more of the following; assuming the same initial
volume for each test assembly, no O-ring extrusion and right angles on the
bottom of the grooves when they are actually rounded. If the rounded
angles were taken into account, the predicted Va (primary) volume would be
slightly larger, resulting in a smaller V4 final volume and subsequently a
larger V& pressure rise. O-ring extrusion would also contribute to a
smaller V4 final volume. This is shown in Table 2 where the majority of

predictions are smaller than the measured pressure rises.

A comparison of Table 2 with Table 3 (tests with same test number)
undoubtedly show the secondary O-ring rolling in its groove as a result of
axial movement. An average axial displacement of 23.7 mils more than
doubles the pressure rise in the V4 cavity. Further review of Table 3
shows that an average 23.7 mil axial movement did not fully roll the
secondary O-ring forward to the '"unseated" position. An average axial
displacement of 32.2 mils resulted in a higher Va pressure rise than the
tests with 23.7 average axial displacement, which indicates that the amount
of secondary O-ring sliding action is dependent on the degree of axial

movement.

Prediction calculations assume the secondary O-ring becomes fully
"unseated" (to the forward groove wall), which as previously stated, is not
the case. This explains why predictions for tests with an average 23.7 mil
displacement are higher than the actual. Predictions for tests with an

average 32.2 mil displacement are smaller than the actual due to some

TWR-19794
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inherent eriors in the calculations.

A comparison of Tables 4 and 5 (Scenario #2) also point to secondary O-ring
motion as a result of axial displacement. A difference in Va pressure rise
betveen tests with axial displacement versus those without, is not as
eminent in Scenario #2 as in Scenario #1. This is so because the secondary
O-ring 1is already in the "“unseated" position, allowing less volume for the

0-ring to roll.

Scenario #2 O-ring positioning was achieved solely by test fixture
assembly, not by pressurizing the cavities between the O-rings as in
Scenario #1. Predictions in Table 4 (without axial displacement) were
based on the assumption that the initial position of the O-rings were
ideally situated as depicted in Figure 2b. The discrepancy between the
predicted pressure rises versus the actual indicates that the O-rings wvere
positioned somevhere in between figures 2b and 2c. Because the Va volume
is small, not knowing the exact initial positioning of the O0-rings and
subsequently the final V4 volume, significantly diminishes the accuracy of

the calculations.

Predictions in Table 5 (with axial displacement) were based on the
assumption that the initial position of the O0-rings is unknown, but the
final position is identical to the final O-ring position in Scenario #1
(with axial displacement). Comparing the predicted pressure rise to the
actual indicates a more realistic scenario. See Appendix C for more

details.

The V4 pressure rise plots (contained in Appendix A) basically follow the
test initiation pressure curve. Because the data 1is jumpy during the
initial 1.8 milliseconds of testing and test data readings were recorded
only every millisecond, it is not feasible to determine the rolling effect

of the primary O-ring due to axial displacement prior to experiencing

TWR-19794

REVISION DOC NO. L VoL

SEC ]Tuce 20




TA oo corrorarion

SPACE OPERATIONS

pressurization. Since the displacement of the secondary O-ring due to
axial motion is so obvious, the primary O-ring most probably also becomes

"unseated" prior to pressurization.

In conclusion, the subscaled test data concurs with .the analysis presented
in TWR-18791. 1In the RSRM application, it is highly likely that both the
primary and secondary O-rings roll in their grooves upon motor ignition
pressurization. This O-ring rolling phenomena is dependent on the amount of

axial displacement which occurs in the joint.
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Appendix A

Data Sheets, Pressure Transducer and LVDT Traces

Appendix A contains the data sheets, pressure transducer and LVDT traces
for each test. The data was plotted for both the initial second of testing
and the total 120 seconds. In some instances the data is jumpy due

computer malfunctions.

TWR-19794

REVISION DOC NO } VoL
SEC , PAGE A i




W CORPORATION

SPACE OPERATIONS

Appendix A

Index to Subscaled Test Results

Scenario #1:
Test #1
Test #2
Test #3
Test #4
Test #5
Test #6
Test #7
Test 48
Test #9
Test #10
Test #11
Test #12

Scenario #2:
Test #1
Test #2
Test #3
Test #4
Test #5
Test #6
Test #7
Test #8
Test #9
Test #10
Test #11
Test #12
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Vé PRESSURIZATION TESTS - TEST DATA SHEETS

SCENARIO #: T TEST #: [
ASSEMBLY DATE: _2//4 {?2 TEST TECHNICIAN: M. Gor o

TEST SUPERVISOR: T F.ct) i n
ASSEMBLY DETAILS: L

CYLINDER NO. : 63/ PISTON NO.: @3/(93

PRIMARY O-RING SECONDARY 0-RING

0-RING NO.: *3 0-RING NO.: * 4

0-RING INNER DIAMETER: 9.274 ;.. 0-RING INNER DIAMETER: 9.374 /..
0-RING X-SECTION DIAM: 00,2376 a4, 0-RING X-SECTION DIAM: 0.28 86 /.
0-RING SQUEEZE: 17. | 7 (AVa. ) 0-RING SQUEEZE: 19. 1 Fo CA\/@‘>
ADJUSTED X-SECTION: 0.2747 ,n. ADJUSTED X-SECTION: _ 0. 2834 i«

0-RING CONDITIONING
CONDITIONING TEMP.: [12.° °F
CONDITIONING START TIME: Nogal, 2//4/¥7CONDITIONING STOP TIME: Tam a//3/77

- FIXTURE CONDITIONING FOR TEST

START DATE & TIME OF TEST CONDITIONING: 2/15/€9 9: /oA
CONDITIONING TEMP.: 75.°9 °F

DATE & TIME OF TEST: ,z//s'/g? 10:30 am

FIXTURE TEMEPERATURE AT END OF TEST: 779 °F

CALCULATE V, FINAL VOLUME (Vf)_

Known initial volume in system calculated from Boyle’'s Law (Vi)’wi“3
Poem = 127 psia P, (at end of 1 min. from gage) + 12.7 = /4.4 psia
Ty = %3 °F T, = 769 °F(at 60 Seconds)
Final Volume in VA (Vf) = (Patm * Vi *3T2)/(Pf * Tl)
Ve = 2,069 in

Av.vi-vf

oAV = C),inz in3

ATTACH ALL COMPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS
COMMENTS ON DISSASSEMBLED CONDITION:
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SCENARIO #1, TEST #1 (Test Date 2/15/89)

Test Pressure, Radlal and Axial Displacement Vs. Time
(1 Second Plot)
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SCENARIO #1, TEST #t1

(Test Date 2/15/89)

Test Pressure, Radial and Axial Displacement Vs. Time

(120 Second Plot)
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SCENARIO #: I TEST #: [ A&
ASSEMBLY DATE: /4 |59 TEST TECHNICIAN: W (zocdpov

TEST SUPERVISOR: 1 Kocr 01

N

ASSEMBLY DETAILS:

CYLINDER NO.: 3//¢ PISTON NO.:' "3/@3

PRIMARY O-RING SECONDARY 0-RING

0-RING NO.: *3 0-RING NO.: * 4

0-RING INNER DIAMETER: 9.374 /n 0-RING INNER DIAMETER: 9. 374 s
0-RING X-SECTION DIAM: 0,299( |a 0-RING X-SECTION DIAM: 0.29%( in
0-RING SQUEEZE: 17.) To (CNG) 0-RING SQUEEZE: 19. 1 Ja ( A «(,)
ADJUSTED X-SECTION: (,2%49 /n. ADJUSTED X-SECTION: 0.293( in.

0-RING CONDITIONING

CONDITIONING TEMP.: _ [)2.° °F
CONDITIONING START TIME: NoonJ, 7//4/f CONDITIONING STOP TIME: 7am Q(/s/??

FIXTURE CONDITIONING FOR TEST :
' START DATE & TIME OF TEST CONDITIONING: 2/15/99  7'/0 and
CONDITIONING TEMP.: /5.° °F

DATE & TIME OF TEST: 2//5/¢9  /0:30 AM

FIXTURE TEMEPERATURE AT END OF TEST: 77,9 °F

CALCULATE V, FINAL VOLUME (Vf)_

Known initial volume in system calculated from Boyle’s Law (‘11):-?-346/6y in3

p = 12.7 psia P, (at end of 1 min. from gage) + 12.7 = (3.5 psia

atm
Ty = 77109 °F Tz - 77.° °F(ai Lo 5€C0n(l-3)
Final Volume in VA (Vf) = (Patm * Vi *3T2)/(pf * Tl)

&V = Vi - vf

av -O.[3c’( in3

ATTACH ALL COMPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS
COMMENTS ON DISSASSEMBLED CONDITION:
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PRESSURE (PSIG)

PRESSURE (PSIG)

REVISION

SCENARIO #1, TEST #1A (Test Date 2/15/89)

Test Pressure and Radlial Displacement Vs. Time
(1 Second Piot)
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SCENARIO #1, TEST #1A (Test Date 2/15/89)

Test Pressure and Radial Displacement Vs. Time
(120 Second Plot)
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V,_PRESSURIZATION TESTS - TEST DATA SHEETS
SCENARIO #: T TEST #: 2
ASSEMBLY DATE: 20/% TEST TECHNICIAN: Mike  (Go.c poc

TEST SUPERVISOR: [hoepea. Vo« i~
( .

ASSEMBLY DETAILS:

CYLINDER NO.: éy lo PISTON NO.: b3/.3

PRIMARY O-RING SECONDARY 0-RING

0-RING NO.: 75 0-RING NO.: *6

O-RING INNER DIAMETER: 9368 . 0-RING INNER DIAMETER: 7. 2¢0 14.
0-RING X-SECTION DIAM: _ 0.29// |, O0-RING X-SECTION DIAM: 0©.29/3 ..
0-RING SQUEEZE: /7.5 7o (AV@)  O-RING SQUEEZE: . 19.7 70 (ANG )
ADJUSTED X-SECTION: 0, 2562 . ADJUSTED X-SECTION: _0.2257 /.

0-RING CONDITIONING
CONDITIONING TEMP.: JJR.° °F

T . ~
CONDITIONING START TIME: /! cp Znnz/zﬁ?CONDITIONING STOP TIME: 7 Au 2/21]7%

FIXTURE CONDITIONING FOR TEST

START DATE & TIME OF TEST CONDITIONING: a/a:}?% YT
CONDITIONING TEMP.: 77.7 °F ' ¢

DATE & TIME OF TEST: 2/2)/%9, |40 pu

FIXTURE TEMEPERATURE AT END OF TEST: 77 °F

CALCULATE V, FINAL VOLUME (Vfl

Known initial volume in system calculated from Boyle’s Law (Vi):2ﬁ34éf3in3
Poem = 12-7 psia Pg (at end of 1 min. from gage) + 12.7 = 4., psia

T, = 777 °F T, _77.¢ °F(at GO Seconds)
Final Volume in VA (Vf) - (Patln * Vi *3T2)/(Pf * Tl)

Vf = .0335 in

av = Vi - Vf

&V = 0.2308 in3

ATTACH ALL COMPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS
COMMENTS ON DISSASSEMBLED CONDITION:

TWR-19794

REVISION 0OC NO. | vou
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W CORPORATION

SPACE OPERATIONS

SCENARIO #1, TEST #2 (Test Date 2/21/89)

Test Proésure. Radial and Axial Displacement Vs. Time

(1 Second Plot)
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W CORPORATION

SPACE OPERATIONS

SCENARIO #1, TEST #2 (Test Date 2/21/89)

Test Pressure, Radial and Axlal Displacement Vs. Time
: (120 Second Plot)
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W CORPORATION

SPACE OPERATIONS
V, PRESSURIZATION TESTS - TEST DATA SHEETS
SCENARIO #: T TEST #: 2-A
ASSEMBLY DATE: _2/3¢ /49 TEST TECHNICIAN: M, ‘34c-ir. v
TEST SUPERVISOR: 7. Focc na,
ASSEMBLY DETAILS: ‘o
3/
CYLINDER NO.: /10 PISTON NO.: 6272
PRIMARY 0-RING SECONDARY 0-RING
0-RING NO.: *s 0-RING NO.: 4,

0-RING INNER DIAMETER (inch): 9. 3(8  O-RING INNER DIAM (inch): 7. 34¢
0-RING X-SECTION DIAM (inch): 0.29//  O-RING X-SECT DIAM (inch): ¢.29,2

0-RING SQUEEZE (%): (Avw) _ /7.5  0-RING SQUEEZE: (ava.)  13.7
ADJUSTED X-SECT (inch): 0. 2362  ADJUSTED X-SECT (inch): £.2253

0-RING CONDITIONING
CONDITIONING TEMP.: ]]2.9 oF

CONDITIONING START TIME: /!¢ Dm CONDITIONING STOP TIME: 7Au /2, 77
2/20/7)

FIXTURE CONDITIONING FOR TEST
START DATE & TIME OF TEST CONDITIONING: 2/2//7?9 7 00 Ava
CONDITIONING TEMP.: 77. % °F

DATE & TIME OF TEST: _2/2: /%9 D45 o

FIXTURE TEMEPERATURE AT END OF TEST: 772 °F

CALCULATE V, FINAL VOLUME (Vfl

Known initial volume in system calculated from Boyle’s Law (Vi)= R 3468 in3

Patm = 12-7 psia  P; (at end of 1 min. from gage) + 12.7 = |3.56  psia

2
T, - _77. °F T,= 772 °Flat (O sxoms)
Final Volume in VA (Vf) = (Patm * V1 * Tz)g(Pf * Tl)
Ve = <. 1980 in
av = Vi - Vf

av = O, lﬁg)g in3

ATTACH ALL COMPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS
COMMENTS ON DISSASSEMBLED CONDITION:

voerno  TVR-19794 )

SEC rnoz A-10

REVISION
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SPACE OPERATIONS

SCENARIO #1, TEST #2A (Test Date 2/21/89)

Test Pressure, Radial and Axial Displacement Vs. Time
(1 Second Pilot)
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W CORPORATION

SPACE OPERATIONS

SCENARIO #1, TEST #2A (Test Date 2/21/89)

Test Pressure, Radlal and Axial Displacement Vs. Time
(120 Second Plot)
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W CORPORATION

SPACE OPERATIONS
V,_PRESSURIZATION TESTS - TEST DATA SHEETS
SCENARIO #: T TEST #: 3
ASSEMBLY DATE: 2/ {?? TEST TECHNICIAN: M, ‘gacd, « <

TEST SUPERVISOR: 1. Foce . v ..

[

ASSEMBLY DETAILS:

L3
CYLINDER NO.: //<o PISTON NO.: . “2‘“/«,
PRIMARY O-RING SECONDARY 0-RING

+ v ;‘
0-RING NO.: 7 0-RING NO.: £

0-RING INNER DIAMETER (inch): 9 .35/ O-RING INNER DIAM (inch): ] 27}/
0-RING X-SECTION DIAM (inch): _0,Z29¢0  O-RING X-SECT DIAM (inch): (. 27/

0-RING SQUEEZE (%): (ANeY /7. 0-RING SQUEEZE: (ANG) 7
ADJUSTED X-SECT (inch): 0.2847  ADJUSTED X-SECT (inch): 02751

0-RING CONDITIONING

CONDITIONING TEMP.:  //0.2 °F

CONDITIONING START TIME: 3:30pw CONDITIONING STOP TIME: 7 Am 2/22/%7
2/ 79

FIXTURE CONDITIONING FOR TEST

START DATE & TIME OF TEST CONDITIONING: </32/7%] Y. 4S ard

CONDITIONING TEMP.: 74.° °F

DATE & TIME OF TEST: 2/22/93, /0 /S AM

FIXTURE TEMEPERATURE AT END OF TEST: 74, % °F

CALCULATE V, FINAL VOLUME (Vf_)_

Known initial volume in system(calculated from Boyle’s Law (Vi)): -?34—6? 1113

Patm = 12.7 psia l’f (at end of 1 min. from gage) + 12.7 = 14.73. psia

— 2 .
T, = _To.> °F T, = _Tb. F (@t (o saomds’
Final Volume in VA (vf) = (Patm * Vi * TZ)g(Pf * Tl)

Ve = _2 024¢% in

AV-Vi-Vf

v = 0, 32 in3

ATTACH ALL COMPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS
COMMENTS ON DISSASSEMBLED CONDITION:

TWR-19794

DOC NO. | vou

SEC I PAGE A-13

REVISION




W CORPORATION

SPACE OPERATIONS

SCENARIO #1, TEST #3 (Test Date 2/22/89)

Test Pressure, Radial and Axlal Displacement Vs. Time

(1 Second Plot)
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W CORPORATION

SPACE OPERATIONS

SCENARIO #1, TEST #3 (Test Date 2/22/89)

Test Pressure, Radial and Axial Displacement Vs. Time

(120 Second Plot)
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TARLOAOE orrora TIoN

SPACE OPERATIONS

V, PRESSURIZATION TESTS - TEST DATA SHEETS
SCENARIO #: e TEST #: 3 _A
ASSEMBLY DATE: _o/2,/g3 TEST TECHNICIAN: M. /o=l —

TEST SUPERVISOR: ~1. K%« -1 1,
ASSEMBLY DETAILS: ‘
63 L2/

CYLINDER NO.: /96 PISTON NO.: S
PRIMARY O-RING SECONDARY 0-RING
0-RING NO.: r7 0-RING NO.: 78

0-RING INNER DIAMETER (inch): 2.355/ 0-RING INNER DIAM (inch): 7, 3]/
0-RING X-SECTION DIAM (inch): 0,2700 O-RING X-SECT DIAM (inch): J, 2720,

0-RING SQUEEZE (X): (A\K:.) 17.) 0-RING SQUEEZE: (Avé) 7.7
ADJUSTED X-SECT (inch): 0.2%47 ADJUSTED X-SECT (inch): 0. 27573

O-RING CONDITIONING

CONDITIONING TEMP.: 1/0.3 °F
CONDITIONING START TIME: 3' 30 D4 CONDITIONING STOP TIME: 7/+{ &/22/77
z}z:

|87

FIXTURE CONDITIONING FOR TEST
. START DATE & TIME OF TEST CONDITIONING: o/Q&/87]  B:45 A
CONDITIONING TEMP.: 7,.3 °F
DATE & TIME OF TEST: 2/22/%7 J0' 30 AMd
FIXTURE TEMEPERATURE AT END OF TEST: 75, J °F

CALCULATE V, FINAL VOLUME (Vfl

Known initial volume in system calculated from Boyle’'s Law (Vi): < 244 & in3

Pom = 12.7 psia P, (at end of 1 min. from gage) + 12.7 = 13.56 psia

T, - _75.9 °F T, = _75.9 °F(at (o Sxords)
Final Volume in V, (V.) = (P %V, * Tz)g(Pf * 7))
Vo=V -V :
&V = 0./4B8  in3

ATTACH ALL COMPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS
COMMENTS ON DISSASSEMBLED CONDITION:

TWR-19794

DOC NO. 1 VoL
SEC (msa A-16

REVISION



W CORPORATION

SPACE OPERA T/ONS

SCENARIO #1, TEST #3A (Test Date 2/22/89)

Test Pressure, Radial and Axial Displacement Vs. Time
(1 Second Plot)
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W CORPORATION

SPACE OPERATIONS
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SCENARIO #1, TEST #3A (Test Date 2/22/89)

Test Pressure, Radial and Axial Displacement Vs. Time

(120 Second Piot)
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W CORPORATION

SPACE OPERATIONS

V,_PRESSURIZATION TESTS

- TEST DATA SHEETS

SCENARIO #: L

ASSEMBLY DATE: ,’«’(29! gz

ASSEMBLY DETAILS:

63/,

CYLINDER NO.:
PRIMARY O-RING
O-RING NO.:

* 7

0-RING INNER DIAMETER (inch): 9. 348

TEST #: 4
TEST TECHNICIAN: M. ‘oo ~dpoae
TEST SUPERVISOR: 1., ke o, .,
T
PISTON NO.: S
SECONDARY 0-RING
0-RING NO.: * ,C

O-RING INNER DIAM (inch): 7, 374

0-RING X-SECTION DIAM (inch): {, 29// O-RING X-SECT DIAM (inch): 0.2877
O-RING SQUEE2E (%): (AVG> [7.5 0-RING SQUEEZE: (ANe) _19.4
ADJUSTED X-SECT (inch): 0.2%02  ADJUSTED X-SECT (inch): C.RA6
0-RING CONDITIONING
CONDITIONING TEMP.: [/3, % o
CONDITIONING START TIME: ) !/5gM CONDITIONING STOP TIME: 7 4AmM 2 23/77
z/22/%1

. FIXTURE CONDITIONING FOR TEST
START DATE & TIME OF TEST CONDITIONING: ﬁ/az/gi 050 and
CONDITIONING TEMP. 76.°
DATE & TIME OF TEST: a[az/f? . 100 A
FIXTURE TEMEPERATURE AT END OF TEST: 7S5, ] °F
CALCULATE V, FINAL VOLUME (V)
Known initial volume in system calculated from Boyle’s Law (Vi): <24 8 in3
Patm = 12.7 psia Pf (at end of 1 min. from gage) + 12.7 = /4./0/ psia
T, - _ 759 °F T,= 759  °F (at bo SecondS)
Final Volume in V, (Vp) = (P, * V, * rz);(pf * 1))

Ve = <.-0400 in

o=V -V

av = 0\3049& in3

ATTACH ALL COMPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS
COMMENTS ON DISSASSEMBLED CONDITION:

TWVR-19794

T PAGE
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A-19

0OC NO

REVISION
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W CORPORATION

SPACE OPERATIONS

SCENARIO #1, TEST #4 (Test Date 2/23/89)

Test Pressure, Radial and Axial Displacement Vs. Time
(1 Second Plot)
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W CORPORATION

SPACE OPERATIONS

SCENARIO #1, TEST #4 (Test Date 2/23/89)

Test Pressure, Radial and Axial Displacement Vs. Time
(120 Second Plot)
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W CORPORATION

SPACE OPERATIONS
V,_PRESSURIZATION TESTS - TEST DATA SHEETS
SCENARIO #: T TEST #: 4- A

ASSEMBLY DATE: 07{,:7:) | 29 TEST TECHNICIAN: tA. (5.0 )y 0«

TEST SUPERVISOR: | , Kerria, .
[

ASSEMBLY DETAILS:

63/ L3
CYLINDER NO.: /e PISTON NO.: €342
PRIMARY 0-RING SECONDARY O-RING
0-RING NO.: # 9 0-RING NO.: *JC

0-RING INNER DIAMETER (inch): 9.2(9 0-RING INNER DIAM (inch): 9.774
0-RING X-SECTION DIAM (inch): 0.29// 0-RING X-SECT DIAM (inch): 0.2377

0-RING SQUEEZE (%): C(AVG) _ J7.5  0-RING SQUEEZE: (Av&.) 19, 4

ADJUSTED X-SECT (inch): 0,252 ADJUSTED X-SECT (inch): 0.2%4¢

0-RING CONDITIONING

CONDITIONING TEMP.: _ //3. % o
CONDITIONING START TIME: /.;5 Dnd CONDITIONING STOP TIME: “J AA  2/57 77
2/52/33

FIXTURE CONDITIONING FOR TEST
START DATE & TIME OF TEST CONDITIONING: ;2/;3,/?},\ Q50 A4
CONDITIONING TEMP.: ‘76.° °F ' '

DATE & TIME OF TEST: 2/23/%9, /0! 20 AmM

FIXTURE TEMEPERATURE AT END OF TEST: 7,.3 °F

CALCULATE V, FINAL VOLUME (Ve)

RKnown initial volume in system calculated from Boyle’s Law (Vi): o4 3448 in3

Paem = 12.7 psia P, (at end of 1 min. from gage) + 12.7 = 13.5/ psia
T, - 23 °F T, = 7.2 °F (et (O Secords)

Final Volume in VA (Vf) = (Pa * Vi * Tz)/(Pf * Tl)

tm 3
Vf = A =00 | in
AV:V1 -Vf

ov = _0./407  in3

ATTACH ALL COMPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS
COMMENTS ON DISSASSEMBLED CONDITION:

TWR-19794

DOC NO. ] voL

REVISION
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W CORPORATION

SPACE OPERATIONS

SCENARIO #1, TEST #4A (Test Date 2/23/89)

Test Pressure, Radlial and Axial Displacement Vs. Time

(1 Second Plot)
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SPACE OPERATIONS

SCENARIO #1, TEST #4A (Test Date 2/23/89)

Test Pressure, Radial and Axial Displacement Vs. Time
(120 Second Plot)
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24 PRESSURIZATION TESTS

-~ TEST DATA SHEETS

SCENARIO #: L

ASSEMBLY DATE: ;{;nggq

ASSEMBLY DETAILS:

=y

CYLINDER NO.:

PRIMARY O-RING

0-RING NO.: "7
0-RING INNER DIAMETER (inch): 9.3(§
0-RING X-SECTION DIAM (inch): 0.29//

0-RING SQUEEZE (%): (AV@) ;7.5
ADJUSTED X-SECT (inch): 0.2Bb2
0-RING CONDITIONING

CONDITIONING TEMP.: 13. 2 of

CONDITIONING START TIME: /f/Spmﬂ
2/22)%]
FIXTURE CONDITIONING FOR TEST
START DATE & TIME OF TEST CONDITIONING
CONDITIONING TEMP.: 7(,.9 °F
DATE & TIME OF TEST: 2/23/%9, 9'%0

TEST #: 4-8
TEST TECHNICIAN: M. /gar ;.=

—

TEST SUPERVISOR: T, F-¢ci=11:,,
C

Rl
PISTON NO.: "/G:
SECONDARY 0-RING

0-RING NO.: ¥

CONDITIONING STOP TIME: J Aq . [/73/ 7]

: J/:B/??, B! S0 Ar4

Ard

/
FIXTURE TEMEPERATURE AT END OF TEST: 7,2 °F

CALCULATE V, FINAL VOLUME (Vfl

Known initial volume in system calculat

Patm = 12.7 psia

ed from Boyle’s Law (V,): 2 D46 in3

P (at end of 1 min. from gage) + 12.7 = /3.4 ] psia

2,
Tl = 763 °F TZ = b~ °F (a'é k &co;wés )
Final Volume in VA (Vf) = (P * U, ¥ Tz)/(Pf * Tl)

atm 1
Ve = 2.2074
av = Vi - Vf
AV = On' in

ATTACH ALL COMPUTER PRINTOUTS AND PRESS
COMMENTS ON DISSASSEMBLED CONDITION:

3

in

3

URE AND DISPLACEMENT TRACES FOR ABOVE TESTS

REVISION

TWR-19794

0OC NO. i voL
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SPACE OPERATIONS

SCENARIO #1, TEST #4B (Test Date 2/23/89)

Test Pressure, Radial and Axial Displacement Vs. Time
(1 Second Plot)

0.025
{{ —— tEST PRESSURE [
10004 ..... RADIAL OISPLACEMENT = !
1| == AXIAL DISPLACEMENT 1 s
1| —- AxaL OISPLACEMENT 2 / -0.020 o>
~ 800 [ i
o ] [ z
o 4 S z
e; < '-0.0]5 ;
w %] 7 » z
: ] IS ZSRat U et | USRI FUTUSUURUION IR SUPTPTR 1 g
I 4
S e00 4 [0010 Y
& ) [ <
a ) g a
| s 7]
200 L 0.005 &
) TS S 4 PPN PN - . i irtimingamal 5,000
0.0 0.1 02 0.3 04 0.5 0.6 0.7 08 0.9 1.0
TIME (SECONDS)
V-4 Cavity Pressure Vs. Time
(1 Second Plot)
1.0 T 1.0
4 I] s
h
14 s
4 | 3
|
084 —— . 0.8
4 | t ~AANT - b
l rd
. L } - 3
0 {1 - |
. 7/
& 064t « 0.6
~ 1 4! e '
i
g 1 / L
: < | I / 4
A ! /
1 0.4 4= 0.4
W ) / |
x L) y
{1, L
4 : t / b
0.2 gl + 0.2
- : I / p
e ) ] ! o
1t : // P
0.0 o lp v v v 0.0
0.0 Q.1 0.2 0.3 Q.4 0.5 0.6 0.7 0.8 0.9 1.0
TIME (SECONDS)
TWR-19794
REVISION DOC NO. | vou

SEC I .nas A6



W CORPORATION
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SCENARIO #1, TEST #4B (Test Date 2/23/89)

Test Pressure, Radial and Axial Displacement Vs. Time

(120 Second Pilot)
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VL PRESSURIZATION TESTS - TEST DATA SHEETS

SCENARIO #: pa TEST *: 4-C

ASSEMBLY DATE: &2/53/)¢ TEST TECHNICIAN: M, (99, ) ,)c¢-

TEST SUPERVISOR: ~7. F ../ /i,
C

ASSEMBLY DETAILS:

CYLINDER NO.: 62//4, PISTON NO.: /-2

PRIMARY 0-RING SECONDARY 0-RING

0-RING NO.: # 9 0-RING NO.: # /0
0-RING INNER DIAMETER (inch): 434§ 0-RING INNER DIAM (inch): 3 274

0-RING X-SECTION DIAM (inch): 0.29// 0-RING X-SECT DIAM (inch): ¢. 2% ]7
0-RING SQUEEZE (%): (A\J&.) 17.5 0-RING SQUEEZE: (AV&) /9.
ADJUSTED X-SECT (inch): 0.2%62- ADJUSTED X-SECT (inch): C. 2740

0-RING CONDITIONING

CONDITIONING TEMP.: /3. %2 °F
CONDITIONING START TIME: /. /5 pmM CONDITIONING STOP TIME: 7 Amt /27, ;)

2/22)%9
FIXTURE CONDITIONING FOR TEST
START DATE & TIME OF TEST CONDITIONING: .zj.:z/g? L€' 50AM
CONDITIONING TEMP.: 7(.° °F '
DATE & TIME OF TEST: 9;93/%, 1015 gra

FIXTURE TEMEPERATURE AT END OF TEST: :ZL.S'°F

CALCULATE V, FINAL VOLUME (Vfl

Known initial volume in system calculated from Boyle’s Law (V) =< 34,2 in3

Patm = 12.7 psia Pf (at end of 1 min. from gage) + 12.7 = /4. 57 psia

= 76,5 °F T, = 76.5 _ °F (at 60 s5€econds !

T

1

Final Volume in Va (Vf) = (Patm * Vi * Tz)g(Pf * Tl)
Ve = &.0450 in
av = Vi - Vf
&V = _0.230i2 in3

ATTACH ALL COMPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS
COMMENTS ON DISSASSEMBLED CONDITION:

TWR-19794
DOC NO.

REVISION ‘ [
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SPACE OPERATIONS

SCENARIO #1, TEST #4C (Test Date 2/23/89)

Test Pressure, Radial and Axial Displacement Vs. Time

(1 Second Plot)
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SPACE OPERATIONS

SCENARIO #1, TEST #4C

Test Pressure, Radial and Axial Displacement Vs. Time
(120 Second Plot)

(Test Date 2/23/89)
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SPACE OPERATIONS
V,_PRESSURIZATION TESTS - TEST DATA SHEETS
SCENARIO #: _Z TEST #: 5
ASSEMBLY DATE: 23/8 TEST TECHNICIAN: M. (o ircdne

TEST SUPERVISOR: 7 chmq&ﬂ
ASSEMBLY DETAILS:

3 .2/,
CYLINDER NO.: [”//6 PISTON NO.: b2/
PRIMARY O-RING SECONDARY O-RING
0-RING NO.: 21 0-RING NO.: =2

0-RING INNER DIAMETER (inch): _9. 352  0-RING INNER DIAM (inch): _3. 25
O0-RING ¥X-SECTION DIAM (inch): 0.29¢2  O-RING X-SECT DIAM (inch): ©,2%01
0-RING SQUEEZE (%): (ANG) /7.2 O-RING SQUEEZE: (ANG.) 7.4
ADJUSTED X-SECT (inch): 0.2% ADJUSTED X-SECT (inch): [, 2%4(

0-RING CONDITIONING
CONDITIONING TEMP.: 112, % _°F

. CONDITIONING START TIME: N oOop) ,  CONDITIONING STOP TIME: T A 2L4)T
2/27] 7 ’

FIXTURE CONDITIONING FOR TEST
START DATE & TIME OF TEST CONDITIONING: 01/94 /?9‘ 9 v 'AM
CONDITIONING TEMP.: _74(.© °F

DATE & TIME OF TEST: 2/24 /%],

FIXTURE TEMEPERATURE AT END OF TEST: 7(.5 °F

CALCULATE V, FINAL VOLUME Qlfl

Known initial volume in system calculated from Boyle’s Law (V,): KX 24,y ins
Poem = 12:7 psia  Pg (at end of 1 min. from gage) + 12.7 - /4,2 psia
T, = _ et °F T, = 765 °F (at (D seconds)
Final Volume in Va (Vf) = (Patm * Vi * Tz)g(Pf * Tl)
Vf = &,oﬁf! in
AV = Vi - Vf

v = 0.3027 in3

ATTACH ALL COMPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS

COMMENTS ON DISSASSEMBLED CONDITION: LCO-ECA du.e 'lro
ﬁ:’,g% undevr ?f':mm-\l‘ Q-cina. Tatal |-Secord
teot~ S  still  valid. (Nore CM&MQ&M“@Q
TWR-19794%
DOC NO. voL

REVISION
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SCENARIO #1, TEST #5 (Test Date 2/24/89)

Test Pressure, Radial and Axial Displacement Vs. Time

(1 Second Plot)
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SCENARIO #1, TEST #5 (Test Date 2/24/89)

Test Pressure, Radial and Axial Displacement Vs. Time
: (120 Second Plot)
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V,_PRESSURIZATION TESTS - TEST DATA SHEETS
SCENARIO #: e TEST *: (o
ASSEMBLY DATE: _2/27/59 TEST TECHNICIAN: M ‘70, Jp-

TEST SUPERVISOR: 7. /J o, : 1,

ASSEMBLY DETAILS:

CYLINDER NO.: 3/, PISTON NO.: £2/,2
PRIMARY O-RING SECONDARY 0-RING
O-RING NO.: 73 0-RING NO.: at

/
-~
s

A
0-RING INNER DIAMETER (inch): 9.3f3 0-RING INNER DIAM (inch): 9. 24/

0-RING X-SECTION DIAM (inch): 0.7902 0-RING X-SECT DIAM (inch): 0.27,>
0-RING SQUEEZE (%): (Av&.) _ /7.4  0-RING SQueEeze: (Av& ) _ /7.«
ADJUSTED X-SECT (inch): 0.295L ADJUSTED X-SECT (inch): 0, 2855

0-RING CONDITIONING
CONDITIONING TEMP.: /0F%. % o

CONDITIONING START TIME: /0:20 AM CONDITIONING STOP TIME: 7 ArA
>/27) 89

FIXTURE CONDITIONING FOR TEST
START DATE & TIME OF TEST CONDITIONING: ;/95/?9 . 7 Nt
CONDITIONING TEMP.: 7S5.9 °F '
DATE & TIME OF TEST: =/22/83, J0: /S A
FIXTURE TEMEPERATURE AT END OF TEST: 74. % °F

CALCULATE V, FINAL VOLUME (Vfl

Known initial volume in system calculated from Boyle's Lav (V,): 2,3468 in’
P = 12.7 psia P, (at end of 1 min. from gage) + 12.7 « /4.9 psia

atm
'I'1 = 7L.% °F T2 = T74.4 °F (Qi o ‘5”’0'\’\%>
Final Volume in V“ (Vf) = (Patm * Vi * TZ);(PE * Tl)

Ve = 2. 0003 in

av = Vi - Vf

oV -« 0.34,5  in3

ATTACH ALL COMPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS
COMMENTS ON DISSASSEMBLED CONDITION:

TWR-19794

REVISION DOC NO. l voL
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SCENARIO #1, TEST #6 (Test Date 2/28/89)

Test Pressure, Radial and Axial Displacement Vs. Time
(1 Second Plot)
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SCENARIO #1, TEST #6 (Test Date 2/28/89)

Test Pressure, Radlal and Axial Displacement Vs. Time
(120 Second Plot)
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SPACE OPERAT 1ONS
!4 PRESSURIZATION TESTS - TEST DATA SHEETS
SCENARIO %: T TEST #: L-A
ASSEMBLY DATE: _=/27/%9 TEST TECHNICIAN: M. (=29 1,7/

: TEST SUPERVISOR: 1, Ko,/ /7.
ASSEMBLY DETAILS: ’

CYLINDER NO.: ""7’//0 PISTON NO.: /;?//, 2
PRIMARY 0-RING SECONDARY O-RING
0-RING NO.: ¥ 2 0-RING NO.: T 4

0-RING INNER DIAMETER (inch): 9. 393 0-RING INNER DIAM (inch): /.
0-RING X-SECTION DIAM (inch): 0, 29032. O0-RING X-SECT DIAH (inch)i 0.
0-RING SQUEEZE (%): (AYG) /7.4 0-RING SQUEEZE: (AvVe y a2
ADJUSTED X-SECT (inch): 0.285(  ADJUSTED X-SECT (inch): (. 2§ 5SS

0-RING CONDITIONING
CONDITIONING TEMP.: _ JU%. & °F

CONDITIONING START TIME: /0! 30A4mM CONDITIONING STOP TIME: T AM
5)27/87

FIXTURE CONDITIONING FOR TEST

.START DATE & TIME OF TEST CONDITIONING: 3/9‘?/? 1 9 am

CONDITIONING TEMP.: 75.9 °F
DATE & TIME OF TEST: &/29/%9, 1045 Acd
FIXTURE TEMEPERATURE AT END OF TEST: 75,5 °F

CALCULATE vV, FINAL VOLUME ﬂfl

Known initial volume in system calculated from Boyle’s Law (Vi): R 37 in3

Patm = 12.7 psia Pf (at end of 1 min. from gage) + 12.7 = 13.67 psia
Tl = Z5,5 °F 1'2 - 75.5 °F(a{ o Secerds !
Final Volume in V,‘ (Vf) - (Patm * V1 * '1'2);(1’f * Tl)

Vf - =9 ,?03 in

OV « V1 - Vf

&V e 0./66S 1in3

ATTACH ALL COMPUTER PRINTQUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS
COMMENTS ON DISSASSEMBLED CONDITION:

REVISION TWR-19794

DOC NO. J vouL
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SPACE OPERATIONS

SCENARIO #1, TEST #6A (Test Date 2/28/89)

Test Pressure, Radial and Axial Displacement Vs. Time
(1 Second Plot) '
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W CORPORATION

SPACE OPERATIONS

SCENARIO #1, TEST #6A (Test Date 2/28/89)

Test Pressure, Radial and Axlal Displacement Vs. Time
(120 Second Piot)
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SPACE OPERATIONS
V, PRESSURIZATION TESTS - TEST DATA SHEETS
SCENARIO #: L TEST #: b- R
ASSEMBLY DATE: 2/27/79 TEST TECHNICIAN: M. (o iln. (-

TEST SUPERVISOR: 7, K vy, 7.7,

ASSEMBLY DETAILS:

CYLINDER NO.: "’3//4{ PISTON NO.: ﬁ/&z

PRIMARY 0-RING SECONDARY 0-RING

0-RING NO.: /3 0-RING NO.: 7o
0-RING INNER DIAMETER (inch): 9.3%3 0-RING INNER DIAM (inch): 7. 2=,
0-RING X-SECTION DIAM (inch): ©0.270% O-RING X-SECT DIAM (inch): 7. 27,

e,

O-RING SQUEEZE (%): (AVG.) 7.4 0-RING SQUEEZE: (ANG ) {76
ADJUSTED X-SECT (inch): 0. 285  ADJUSTED X-SECT (inch): O, 755

0-RING CONDITIONING

CONDITIONING TEMP.: /08. % ep

CONDITIONING START TIME: /0’30 A CONDITIONING STOP TIME: 7 Ard
2/21/§9

FIXTURE CONDITIONING FOR TEST

START DATE & TIME OF TEST CONDITIONING: 2/22/35 L iﬁ"f

CONDITIONING TEMP.: 75, © °F

DATE & TIME OF TEST: aLsz}‘ 1 . JO* 20 A

FIXTURE TEMEPERATURE AT END OF TEST: 75./ °F

CALCULATE V, FINAL VOLUME (sz

Known initial volume in system calculated from Boyle’s Law (Vi): 53.346,8 in3

Potm * 12.7 psia P, (at end of 1 min. from gage) + 12.7 » 13,45 psia

T, = 750 °F  T,x 350 °F(at Lo Serarqe

Final Volume in VA (Vf) = (Patm * Vi * Tz)g(Pf * Tl)
Ve = 21835 in

oV = Vi - Vf

AV = 0./ 4 33 in3

ATTACH ALL COMPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS
COMMENTS ON DISSASSEMBLED CONDITION:

REVISION TWVR-19794

DOC NO VoL

A-40
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W CORPORATION

SPACE OFERATIONS

SCENARIO #1, TEST #6B (Test Date 2/28/89)

Test Pressure, Radial and Axial Displacement Vs. Time
(1 Second Plot)
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W CORPORATION

SPACE OPERATIONS

SCENARIO #1, TEST #6B (Test Date 2/28/89)

Test Pressure, Radlal and Axial Displacement Vs. Time
(120 Second Piot)
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SPACE OPERATIONS
V,_PRESSURIZATION TESTS - TEST DATA SHEETS
SCENARIO #: vy TEST #: 6-C
ASSEMBLY DATE: 2{:1274 TEST TECHNICIAN: M ¢z, \,..,

TEST SUPERVISOR: 7 . fo.,. 7 i,

ASSEMBLY DETAILS:

G}/ L1/
CYLINDER NO.: /6 PISTON NO.: L2
PRIMARY 0-RING SECONDARY 0-RING

0-RING NO.: #,3 O-RING NO.: T,

0-RING INNER DIAMETER (inch): 3.3¥3  0-RING INNER DIAM (inch): _j "=/
0-RING X-SECTION DIAM (inch): ¢.2902 O-RING X-SECT DIAM (inch):_o.Z1/2
0-RING SQUEEZE (%): (AVG) ;7.4 O-RING SQUEEZE: (AV&) _ /7 1,
ADJUSTED X-SECT (inch): 0.275(,  ADJUSTED X-SECT (inch): 0.27955

0-RING CONDITIONING

CONDITIONING TEMP.:  J0F. & °F

CONDITIONING START TIME: /0’30 AsM  CONDITIONING STOP TIME: _ / Ar-!
2]a7/®9

FIXTURE CONDITIONING FOR TEST

START DATE & TIME OF TEST CONDITIONING: cj??/?’? 1AM

CONDITIONING TEMP.: _ 75.7 °F

DATE & TIME OF TEST: 2/9?/ ¥9 , /0:3oad

FIXTURE TEMEPERATURE AT END OF TEST: /6.7 °F

CALCULATE V, FINAL VOLUME (Vfl

Known initial volume in system calculated from Boyle’s Law (Vi): R34 ¢ in3

Poem = 12:7 psia P (at end of 1 min. from gage) + 12.7 = /4. 77 psia
T, = 767 °F T, = 2.7 °F(at Lo secends)
Final Volume in VA (Vf) - (Patm * V1 * Tz)g(Pf * Tl)

' Ve = _L.00/6 in
AV = V1 - Vf
oV =« 0. 245Z in3

ATTACH ALL COMPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS
COMMENTS ON DISSASSEMBLED CONDITION:

TWR-19794

REVISION DOC NO. 1 vouL
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W CORPORATION

SPACE OPERATIONS

SCENARIO #1, TEST #6C

(Test Date 2/28/89)

Test Pressure, Radial and Axial Dispiacement Vs. Time

(1 Second Plot)
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W CORPORATION

SPACE OPERATIONS

SCENARIO #1, TEST #6C

(120 Second Plot)

Test Pressure, Radial and Axial Displacement Vs. Time

(Test Date 2/28/89)

1000 [
4 ~0.03
- : a
BO0 e = i e e o At ¢ ¢ S T
o O . 5
& L d -z-
L P el
=~ 600 Fooz
w 4 X z
@« e emtatn et et ba s sa s et sh e mnriese s st e e ans ]
2 1 ! b1
w 1 s L
9 400+ s 2
g ] —— TEST PRESSURE L ool &
] - RADWAL DISPLACEMENT d v
200 = — — AXIAL DISPLACEMENT 1 ; Q
4 — - AXIAL DISPLACEMENT 2 .
0 L] ¥ T 1 1 - 0.00
o) 20 40 80 a0 100 120
TIME (SECONDS)
V-4 Cavity Pressure Vs. Time
(120 Second Pilot)
30 3.0
9 b
4 3
2.5 2.5
3 o [
J [
T 204 L 20
("4 1 L
& -
e L
& 5 3 - 1.5
=) 1 !
0 1 L
n 4 .
2 o0 -
s 1.0 -‘. '- 1.0
054 L 0.5
4 2
g p
0.0+ r r e . T 0.0
0 20 40 60 80 100 120
TIME (SECONDS)
TWR-19794
REVISION DOC NO. | vou
SEC { PAGE A-45



W CORPORATION

SPACE OPERATIONS

V,_PRESSURIZATION TESTS - TEST DATA SHEETS

SCENARIO #: L

ASSEMBLY DATE: él/ﬁ?[ 79

ASSEMBLY DETAILS:

CYLINDER NO.: t3/,

PRIMARY O-RING

0-RING NO.: 3
O-RING INNER DIAMETER (inch): ¢ 373
0-RING X-SECTION DIAM (inch): (.27.¢

0-RING SQUEEZE (%): (ANG.) /7.4
ADJUSTED X-SECT (inch): 0,275(

0-RING CONDITIONING
CONDITIONING TEMP. !
CONDITIONING START TIME:

108 . & °F
10:30 A4rA
2/27 /%9

FIXTURE CONDITIONING FOR TEST

START DATE & TIME OF TEST CONDITIONING:

CONDITIONING TEMP.: 75.° °F
DATE & TIME OF TEST: 2/2%/87,

TEST #:
TEST TECHNICIAN:
TEST SUPERVISOR: 1. .- .,

b

M. C’-’if'.!l-”"

2.4,

'

PISTON NO.: L5y
SECONDARY 0-RING

0-RING NO.:

0-RING INNER DIAM (inch):

0-RING X-SECT DIAM (inch): Y.
0-RING SQUEEZE: (ANG ) 150,

ADJUSTED X-SECT (inch):

CONDITIONING STOP TIME: 7 /m Q-w??/??

2]&?/89, ? A

/10 |°M

FIXTURE TEMEPERATURE AT END OF TEST: 73'4 °F

CALCULATE V, FINAL VOLUME (Vfl

Known initial volume in system calculated from Boyle's Lav (V,): 23468 in’

P = 12.7 psia

Pe (at end of 1 min. from gage) + 12.7 = /5,6 S7 psia

6o 5ecor\d$)

* TZ)/(Pf * Tl)

atm
T, = 724 °F T, = 28.4  °F(at
Final Volume in V,‘ (Vf) = (Patm * Vi
Ve = /. 9,42 in
av = vV, -V

i

f
oV = 043;@ in3

ATTACH ALL COMPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS

COMMENTS ON DISSASSEMBLED CONDITION:

REVISION

TWR-19794

DOC NO.
SEC Inci

IVOL
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W CORPORATION

SPACE OPERATIONS

SCENARIO #1, TEST #6D (Test Date 2/28/89)

Test Pressure, Radial and Axlal Displacement Vs, Time

(1 Second Piot)
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W CORPORATION

SPACE OPERATIONS

SCENARIO #1, TEST #6D (Test Date 2/28/89)

Test Pressure, Radial and Axial Displacement Vs. Time
(120 Second Plot)
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W CORPORATION

SPACE OPERATIONS
V,_PRESSURIZATION TESTS - TEST DATA SHEETS
SCENARIO #: L TEST #: 7
ASSEMBLY DATE: /2% /%3 TEST TECHNICIAN: M. agc-)por

TEST SUPERVISOR: 7. [“Pcc.ia..
:

ASSEMBLY DETAILS:

CYLINDER NO.: €2/ ' PISTON NO.: L3/, 3

PRIMARY O-RING SECONDARY 0-RING

0-RING NO.: /5 0-RING NO.: A
0-RING INNER DIAMETER (inch): %.3&/  0-RING INNER DIAM (inch): 4 2§23

0-RING X-SECTION DIAM (inch): 0.2904 0-RING X-SECT DIAM (inch): O 2% j

.
0-RING SQUEEZE (%X): (ANG.) 17 2 0-RING SQUEEZE: (AN&.) 189
ADJUSTED X-SECT (inch): 0. 295 ADJUSTED X-SECT (inch): D.353

0-RING CONDITIONING

CONDITIONING TEMP.: 3.3 e

CONDITIONING START TIME: /'30.m CONDITIONING STOP TIME: /A4mM 3// /77
2/25]%

FIXTURE CONDITIONING FOR TEST
START DATE & TIME OF TEST CONDITIONING: 3{1/77 . 1000 AM
CONDITIONING TEMP.: 75,° °F 7

DATE & TIME OF TEST: 3/, /%9,

FIXTURE TEMEPERATURE AT END OF TEST: 75. 2 °F

CALCULATE V, _FINAL VOLUME Ve

Known initial volume in system calculated from Boyle’s Law (Vi): 2 2407 in3

Poem = 12.7 psia P, (at end of 1 min. from gage) + 12.7 = I5.2° psia

T, = 256 °F T, - 1757  °Flat &o sec_om:\s)
Final Volume in V4 (Vf) = (Patm * Vi * Tz)g(Pf * Tl)

Ve = ].95006 in

AV = Vi - Vf

&V = 0 29,2  in3

ATTACH ALL COMPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS
COMMENTS ON DISSASSEMBLED CONDITION:

TWR-19794

0OC NO. l voL
SEC [ PAGE A-49

REVISION



W CORPORATION

SPACE OPERATIONS

SCENARIO #1, TEST #7 (Test Date 3/01/89)

Test Preasure, Radial and Axial Displacement Vs. Time

(1 Second Plot)
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SPACE OPERATIONS

SCENARIO #1, TEST #7 (Test Date 3/01/89)

Test Pressure, Radial and Axial Displacement Vs. Time
(120 Second Plot)
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W CORPORATION

SPACE OPERATIONS

VL PRESSURIZATION TESTS - TEST DATA SHEETS

SCENARIO #: T TEST #: 7- A

ASSEMBLY DATE: g/% TEST TECHNICIAN: 4 5o, /.o

TEST SUPERVISOR: -7~ }o,, , 7.,
(

ASSEMBLY DETAILS:

7 2.
CYLINDER NO.: “2/ PISTON NO.: ¢ 2
PRIMARY 0-RING SECONDARY 0-RING
0-RING NO.: ¥ /5~ 0-RING NO.: -6

0-RING INNER DIAMETER (inch): _7 3%/  0-RING INNER DIAM (inch): 7. 77
0-RING X-SECTION DIAM (inch): 0. 274  O0-RING X-SECT DIAM (inch): u,Z777

0-RING SQUEEZE (%): (AvG.) I 2 0-RING SQUEEZE: (ANG ) /7.9
ADJUSTED X-SECT (inch): 0.2¢5/ ADJUSTED X-SECT (inch): 0.2%3)

O-RING CONDITIONING

CONDITIONING TEMP.: 3. 3__"1?

CONDITIONING START TIME: /'30 !37‘ . CONDITIONING STOP TIME: 7am 2/i1/7]
2/28/%

FIXTURE CONDITIONING FOR TEST .
START DATE & TIME OF TEST CONDITIONING: 3/, /99. 1Li80 A
CONDITIONING TEMP.: 75.9 °F -

DATE & TIME OF TEST: 3/, /99

FIXTURE TEMEPERATURE AT END OF TEST: 76.% °F

CALCULATE V, FINAL VOLUME (V,)

Known initial volume in system calculated from Boyle’s Law (Vi): R 3469 1n3

Patm = 12.7 psia l»”f (at end of 1 min. from gage) + 12.7 = /32,357 psia
'I‘1 = 707 °F Tz = 7Q.7 °F (O-f 6C 2o~ AN

Final Volume in Vl. (Vf) - (Patm * Vi * Tz)/(Pf * Tl)

Ve = 2,193/ in3
o =V, -V,

4V = “ 1532 in3

ATTACH ALL COMPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS
COMMENTS ON DISSASSEMBLED CONDITION:

TWR-19794
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W CORPORATION

SPACE OPERATIONS

SCENARIO #1, TEST #7A (Test Date 3/01/89)

Test Pressure, Radial and Axial Displacement Vs. Time
(1 Second Plot)
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W CORPORATION

SPACE OPERATIONS

SCENARIO #1, TEST #7A (Test Date 3/01/89)

Test Pressure, Radial and Axial Displacement Vs. Time

(120 -Second Plot)
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TAREOAOE corcomaron

SPACE OPERATIONS
V,_PRESSURIZATION TESTS - TEST DATA SUEETS
—
SCEMARIO #: > TEST M 7- B
ASSEMBLY DATE: 9/:5’{?? TEST TECHNICIAN: M. (o, (Jyer

TEST SUPERVISOR: T . Flevsi.7 .
ASSEMBLY DETAILS: :

CYLINDER NO.: ¢3/)e PISTON NO.: 62/,3

PRIMARY 0-RING SECONDARY 0-RING

0-RING NO.: 75 0-RING NO.: T /¢
0-RING INNER DIAMETER (inch): 9 25/ 0-RING INNER DIAM (inch): _ 5.75 3
0-RING X-SECTION DIAM (inch): 0.2904  0-RING X-SECT DIAM (inch)1_¢. 2577
0-RING SQUEEZE (X): (avG.) /7.2 O-RING SQUEEZE: (ANG:) /7.7
ADJUSTED X-SECT (inch): £.2%5)  ADJUSTED X-SECT (inch): L. 273

0-RING CONDITIONING

CONDITIONING TEMP. 1 )32 _°F
CONDITIONING START TIME: _J!30 p4l CONDITIONING STOP TIME: /A, 5/,/77

2/22) 89
FIXTURE CONDITIONING FOR TEST
START DATE & TIME OF TEST CONDITIONING: 3/+/§7, b 4
CONDITIONING TEMP.: 75.9 °F
DATE & TIME OF TEST: 2/, /f9, [/ A
FIXTURE TEMEPERATURE AT END OF TEST: 7¢.4 °F

CALCULATE V, FINAL VOLUME (sz

Known initial volume in system calculated from Boyle’s Law (Vi): 22468 1n3

P = 12.7 psia P, (at end of 1 min. from gage) + 12.7 = J3.57 psia

atm /
T, = Tt °F T, = _76.1 *F(at 60 s0conds)
Final Volume in VA (Vf) = (Patm * V1 * T2)g(Pf * Tl)

Vf - 07.1903 in

v = V1 - ‘J£

oV « O.]505  inl

ATTACH ALL COMPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS
COMMENTS ON DISSASSEMBLED CONDITION:

TWR-19794

REVISION
_ 00C NO. | vou
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W CORPORATION

SPACE OPERATIONS

SCENARIO #1, TEST #7B (Test Date 3/01/89)

Test Pressure, Radial and Axial Displacement Vs. Time
(1 Second Piot)

0.025
{} = TEST PRESSURE
100044 ..... RADIAL OISPLACEMENT
1] == AxIAL DISPLACEMENT 1 L~ i
1| —- axiaL oispuacement 2 / -0.020 ~
800 [ w
) ~ d - 3
n 4 S z
9; ) R R e ARE rececessen S ,._0015 =
w890 / [ s
@ - L s
a - '.' / " 2
1 =0010 W
n 400 e (:()
« 4 - L <
o ) ! &
200 -0.00s 3
0 - - - o~ e X
0.0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 1.0
TIME (SECONDS)
V-4 Cavity Pressure Vs. Time
(1 Second Plot)
1.4 1.4
1.21 L 1.2
S 1.0 1.0
h 1 s
E.’ : __’_‘,._,_—\_<-4~--,\__,‘./\\__4:
0.8 — 0.8
- —
m < Paiad o
2 ] 1 :
n 06 — 0.6
ad 1 7 b
& ) [
a ] L
0.4‘ - - 0.4
] / [
0.2 ° 0.2
/ 3
< / 3
4 / b
0.0 Sty = v v 0.0
0.0 Q.1 0.2 Q.3 0.4 0.% 0.6 Q.7 0.8 0.9 1.0
TIME (SECONDS)
TWVR-19794
REVISION DOC NO. | vou
SEC [ PAGE A.S6é



W CORPORATION

SPACE OPERATIONS

SCENARIO #1, TEST #7B (Test Date 3/01/89)

Test Pressure, Radial and Axial Displacement Vs. Time
(120 Second Piot)
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W CORPORATION

SPACE OPERATIONS
V,.PRESSURIZATION TESTS - TEST DATA SHEETS
SCENARIO #: L TEST #: 7-C .

ASSEMBLY DATE: 28/ TEST TECHNICIAN: M. 5.0, /¢,

TEST SUPERVISOR: ~7 . Ki,,.).11,.
ASSEMBLY DETAILS: {
CYLINDER NO.: éB’//é» PISTON NO.: L’3/03
PRIMARY 0-RING SECONDARY O-RING

0-RING NO.: ? /S 0-RING NO.: "6
O-RING INNER DIAMETER (inch): 9.35/ O-RING INNER DIAM (inch): _9 33D
0-RING X-SECTION DIAM (inch): 0.2904 0-RING X-SECT DIAM (inch): (. 2375

/7.2 O-RING SQUEEZE: (AVG.) 1.9

0.2%S/_ ADJUSTED X-SECT (inch): 0,873

0-RING SQUEEZE (%): (Av&.)
ADJUSTED X-SECT (inch):

0-RING CONDITIONING

CONDITIONING TEMP.: /3. 3 o
CONDITIONING START TIME: /! 30
2/2?5 %9

FIXTURE CONDITIONING FOR TEST
START DATE & TIME OF TEST CONDITIONING: 3// / g9,
CONDITIONING TEMP.: 75,°© °F '
DATE & TIME OF TEST: _3/i /57

FIXTURE TEMEPERATURE AT END OF TEST: 7.5 °F

CONDITIONING STOP TIME: 7 An  3// /%)
/

J01C° AM

CALCULATE V, FINAL VOLUME (Vfl

Known initial volume in system calculated from Boyle’s Law (V) Q3468 ind

P = 12.7 psia /5.40 psia

atm 1’f (at end of 1 min. from gage) + 12.7 =

Tl = ?é '3 °F Tz = 26.4 °F(dt éo SP(Oy“\As)
Final Volume in Va (Vf) = (Patm * Vi * Tz);(Pf * Tl)

vf = /. ?37? in

av = V, - V

i £
av = Q,iO&g in3

ATTACH ALL COMPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS
COMMENTS ON DISSASSEMBLED CONDITION:

TWR-19794
DOC NO. vou

REVISION
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W CORPORATION

SPACE OPERATIONS

SCENARIO #1, TEST #7C (Test Date 3/01/89)

Test Pressure, Radial and Axial Displacement Vs. Time
(1 Second Plot)
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W CORPORATION

SPACE OPERATIONS

SCENARIO #1, TEST #7C (Test Date 3/01/89)

Test Pressure, Radial and Axial Displacement Vs. Time
(120 Second Plot)
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W CORPORATION

SPACE OPERATIONS
V_,_' PRESSURIZATION TESTS - TEST DATA SHEETS

SCENARIO #: - TEST h %
ASSEMBLY DATE: TEST TECHNICIAN: M. (yardpoc
T ;
TEST SUPERVISOR: -7, Fe v, 2 m,

ASSEMBLY DETAILS:

CYLINDER NO.: bb//(, PISTON NO.: ('5/(03
PRIMARY 0-RING SECONDARY 0-RING

0-RING NO.1t "'/Z 0-RING NO.: i
O-RING INNER DIAMETER (inch): 9. ‘271_4 O-RING INNER DIAM (inch): _7.327
0-RING X-SECTION DIAM (inch): 0, 2904  O-RING X-SECT DIAM (inch): 2 Z9c/
0-RING SQUEEZE (%): (ANG.) 17.4 0-RING SQUEEZE: (AV&.) e
ADJUSTED X-SECT (inch): 0. 2956  ADJUSTED X-SECT (inch): C.2%4|

0-RING CONDITIONING
CONDITIONING TEMP.: _ //3.3 oF
CONDITIONING START TIME: 2!30,m 3/i/79 CONDITIONING STOP TIME: 7] Am 2/2/89

FIXTURE CONDITIONING FOR TEST

START DATE & TIME OF TEST CONDITIONING: 5/2/-?7, [] AM
CONDITIONING TEMP.: _](.° °F
DATE & TIME OF TEST: 3/2/¢9 , 11125 AM

FIXTURE TEMEPERATURE AT END OF TEST: 75, 7 °F

CALCULATE V, FINAL VOLUME (Vfl

Known initial volume in system calculated from Boyle's Law (Vi): ,,7.5‘/(3? 1n3

Poem = 12:7 psia Py (at end of 1 min. from gage) + 12.7 « /S.4 psia

T, = _75.9_°F T, = 759 °F (at (0o secus Az)
Final Volume in V, (V) = (B . % V, * T,)/(Pp * T))

tm 3
4V = Vi - Vf

& - 04089 in3

ATTACH ALL COMPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS
COMMENTS ON DISSASSEMBLED CONDITION:

TWR-19794

REVISION __ DOC NO. L voL
e | %€ A-61
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W CORPORATION

SPACE OPERATIONS

SCENARIO #1, TEST #8 (Test Date 3/02/89)

Test Pressure, Radial and Axial Digplacement Vs. Time
(1 Second Plot)
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W CORPORATION

SPACE OPERATIONS

SCENARIO #1, TEST #8 (Test Date 3/02/89)

Test Pressure, Radial and Axial Displacement Vs. Time
(120 Second Plot)
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W CORPORATION

SPACE OPERATIONS
V,_PRESSURIZATION TESTS - TEST DATA SHEETS
SCENARIO #: I TEST ¢+ __g-A
ASSEMBLY DATB: _ 3/, /%3 TEST TECHNICIAN: M. (57, .i, .,

TEST SUPERVISOR: =7 Fy, A,

( \

ASSEMBLY DETAILS:

A a
CYLINDER NO.: 4’3//5 PISTON NO.: ’3/1,:
PRIMARY O-RING SECONDARY 0-RING

0-RING NO.: *,7 0-RING NO.: "8

0-RING INNER DIAMETER (inch): 9.774 O0-RING INNER DIAM (inch): 227

0-RING X-SECTION DIAM (inch): (.2904 0-RING X-SECT DIAM (inch): 0, 27c/

0-RING SQUEEZE (%): (mwié..) 1 7.4 0-RING SQUEEZE: (AVG.) 9. &
ADJUSTED X-SECT (inch): 0.225¢,  ADJUSTED X-SECT (inch): 0.5741

0-RING CONDITIONING

CONDITIONING TEMP.: /13.2  op

CONDITIONING START TIME: o 30 pm CONDITIONING STOP TIME: 7 ArA 7,2, 77
5;//?‘?

FIXTURE CONDITIONING FOR TEST

START DATE & TIME OF TEST CONDITIONING: 3/2/%3 . 1|00 frd
CONDITIONING TEMP.: _ 74.% °F

DATE & TIME OF TEST: 3/2/83 . [1:55 AmM

FIXTURE TEMEPERATURE AT END OF TEST: 75,9 °F

CALCULATE V, FINAL VOLUME (V )

Known initial volume in system calculated from Boyle’s Law (V,): A 3467 1n3

Potm - 12.7 psia P, (at end of 1 min. from gage) + 12.7 = _/3.(7% psia

Tl = 75.9 °F Tz = 259 °F (0{‘ O <rrn. A% )
Final Volume in VA (Vf) = (Patm * V1 * '1'2);(5’f * TI)
Ve = < /973 in

A‘J-Vi—\lf

oV = D./Sﬁﬁ in3

ATTACH ALL COMPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE Tf-:S'I.'S
COMMENTS ON DISSASSEMBLED CONDITION:

TWR-19794
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W CORPORATION

SPACE OPERATIONS

SCENARIO #1, TEST #8A (Test Date 3/02/89)

(1 Second Plot)

Test Pressure, Radlal and Axial Displacement Vs. Time
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W CORPORATION

SPACE OPERATIONS

SCENARIO #1, TEST #8A (Test Date 3/02/89)

Test Pressure, Radlial and Axlal Displacement Vs. Time
(120 Second Plot)
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SPACE OFPERATIONS
V, PRESSURIZATION TESTS - TEST DATA SHEETS
SCENARIO §: / TEST h 2-2
ASSEMBLY DATE: _3/, /59 TEST TECHNICIAN: M. Gaclroc-
TEST SUPERVISOR: 1. Korr. 2~
{
ASSEMBLY DETAILS:
3 R
CYLINDER NO.: 310 PISTON NO.: ¢
PRIMARY O-RING SECONDARY 0-RING
0-RING NO.: #/7 _ 0-RING NO.1 # e

0-RING INNER DIAMETER (inch): _9. 374  0-RING INNER DIAM (inch): _9.327
0-RING X-SECTION DIAM (inch): 0.2904 0-RING X-SECT DIAM (inch): 0.290/
0-RING SQUEEZE (%): (AVG.) /7.4 0-RING SQUEEZE: (ANG.) 19, 2
ADJUSTED X-SECT (linch): 0,295 ADJUSTED X-SECT (inch): 0. 2841

0-RING CONDITIONING
CONDITIONING TEMP.:  J/3.> °F

S ima
CONDITIONING START TIME: 2:20p, 3/i/$JCONDITIONING STOP TIME: 7 A4 3/°/%7

FIXTURE CONDITIONING FOR TEST
START DATE & TIME OF TEST CONDITIONING: 3/2/99. ) Asf
CONDITIONING TEMP.: _7(,.C °F '

DATE & TIME OF TEST: 2/2/59 . [2!0SpM

FIXTURE TEMEPERATURE AT END OF TEST: 7¢.0 °F

CALCULATE V, FINAL VOLUME (V)

Known initial volume in system calculated from Boyle’s Law (Vi): 33462 in3

14 = 12.7 psia Pe (at end of 1 min. from gage) + 12.7 = /3.64 psia

atm

T, = _759 °F T, =~ 2.2 °F (at 40 Secords)

Final Volume in V, (V,) = (P *V, * rz)g(Pf * 1))
-V -V

4V = 0| l 5’{{, in3

ATTACH ALL COMPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS
COMMENTS ON DISSASSEMBLED CONDITION:

TWR-19794

REVISION DOC NO. voL
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W CORPORATION

SPACE OPERATIONS

SCENARIO #1, TEST #8B (Test Date 3/02/89)

Test Pressure and Radial Displacement Vs. Time
(1 Second Plot)
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W CORPORATION

SPACE OPERATIONS

SCENARIO #1, TEST #8B (Test Date 3/02/89)

Test Pressure and Radial Displacement Vs. Time
(120 Second Plot)
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SPACE OPERATIONS

V,_PRESSURIZATION TESTS - TEST DATA SHEETS
SCENARIO #: T TEST #: ®-C
ASSEMBLY DATE: _2// /99 TEST TECHNICIAN: M. Gardpne—

TEST SUPERVISOR: ~7_ F 2, ., d

ASSEMBLY DETAILS: ‘
CYLINDER NO.: ¢3//@ PISTON NO.: 53
PRIMARY 0-RING SECONDARY 0-RING
O-RING NO.: ¥ /7 O-RING NO.1 z /8

0-RING INNER DIAMETER (inch): 2. 374 0-RING INNER DIAM (inch): 4.327
0-RING X-SECTION DIAM (inch): 0.29¢4  0-RING X-SECT DIAM (inch): 0. RF0/

O-RING SQUEEZE (%): (AN&.) _ s7.4  0-RING SQUEEZE: (ANG.) |9 &
ADJUSTED X-SECT (inch): 0.295¢ ADJUSTED X-SECT (inch): 0.0541

O0-RING CONDITIONING

CONDITIONING TEMP.: _ 13,5  °F

CONDITIONING START TIME: _Z 30 Dm CONDITIONING STOP TIME: 7 4™, .3/.‘2/?9

3/1/89
FIXTURE CONDITIONING FOR TEST '
START DATE & TIME OF TEST CONDITIONING: 3/2/97 1710 A4

CONDITIONING TEMP.: 74,7 °F
DATE & TIME OF TEST: 3/2/%7., 11140 ang
FIXTURE TEMEPERATURE AT END OF TEST: 70./ °F

CALCULATE Vv, FINAL VOLUME (Vf‘z

Known initial volume in system calculated from Boyle's Law (V,): 33%& in?

Potm = 12.7 psia P, (at end of 1 min. from gage) + 12.7 = /5. 40 psia

T, = 76 °F T, 76! °F(at (o Seconds)
Final Volume in VA (Vf) = (Patm * V1 * ’1‘2)/(Pf * Tl)

Ve = _ 9278 i’
oV = Vi - Vf

AV = 0,1/242 in3

ATTACH ALL COMPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS
COMMENTS ON DISSASSEMBLED CONDITION:
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W CORPORATION

SPACE OPERATIONS

SCENARIO #1, TEST #8C (Test Date 3/02/89)

Test Pressure, Radial and Axial Displacement Vs. Time
(1 Second Plot)
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SPACE OPERATIONS

SCENARIO #1, TEST #8C (Test Date 3/02/89)

Test Pressure, Radial and Axial Displacement Vs. Time
(120 Second Plot)
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SPACE OPERATIONS

V,_PRESSURIZATION TESTS - TEST DATA SHEETS

SCENARIO #: T ' TEST #: 7
ASSEMBLY DATE: “2((2 |£9 TEST TECHNICIAN: /M, oo drer

TEST SUPERVISOR: 7. kKO/y, .04 1.

/

ASSEMBLY DETAILS:

CYLINDER NO.: 63//e PISTON NO.:

PRIMARY 0-RING SECONDARY 0-RING

0-RING NO.: ? 2 0-RING NO.: # a3
0-RING INNER DIAMETER (inch): 9.35/  0-RING INNER DIAM (inch): 5, 3.7

0-RING X-SECTION DIAM (inch): _0,2907 O-RING X-SECT DIAM (inch):_o 2893
0-RING SQUEEZE (%): (ANG.) /7.3 0-RING SQUEEZE: (ANG.) /9.2
ADJUSTED X-SECT (inch): 0. 2954 ADJUSTED X-SECT (inch): 0. 284/

0-RING CONDITIONING

CONDITIONING TEMP.: 14,1 ep

CONDITIONING START TIME: /[pal CONDITIONING STOP TIME: T Am. 3/7/77
§7/i?

FIXTURE CONDITIONING FOR TEST
START DATE & TIME OF TEST CONDITIONING: >/¢/§7 5 30 AM
CONDITIONING TEMP.: 75.° °F o

DATE & TIME OF TEST: 3/9/§7. /0’45 A

FIXTURE TEMEPERATURE AT END OF TEST: 74,8 °F

CALCULATE VL FINAL VOLUME gvfl

Known initial volume in system calculated from Boyle's Law (V) 23407 in>

Potm ™ 12.7 psia Pe (at end of 1 min. from gage) + 12.7 = /5.42 psia

T, = 74,7  °F T, = 21.? °F (at (o Secorn)
Final Volume in Va (Vf) = (Patm * V1 * Tz);(Pf * Tl)

Ve = 1,932 8 in

av = Vi - V£

AV = 0.1/10 in3

ATTACH ALL COMPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS
COMMENTS ON DISSASSEMBLED CONDITION:

’
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W CORPORATION

SPACE OPERATIONS

SCENARIO #1, TEST #9

Test Pressure, Radial and Axial Displacement Vs. Time
(1 Second Plot)

(Test Date 3/08/89)
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SPACE OPERATIONS

SCENARIO #1, TEST #9 (Test Date 3/08/89)

Test Pressure, Radial and Axial Displacement Vs. Time
(120 Second Plot)
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SPACE OPERATIONS
V,_PRESSURIZATION TESTS - TEST DATA SHEETS
SCENARIO #: I TEST #: 9-4
ASSEMBLY DATE: 3%’[‘,(;'-7 TEST TECHNICIAN: M. (53, /, ~~

TEST SUPERVISOR: T, Hocr, 5.

ASSEMBLY DETAILS:

o LA
CYLINDER NO.: Y2/ PISTON NO.: e
PRIMARY 0-RING SECONDARY 0-RING
0-RING NO.: . ¥ 2 0-RING NO.: T o

0-RING INNER DIAMETER (inch): _9. 25/  0-RING INNER DIAM (inch): _7. 7.7
0-RING X-SECTION DIAM (inch): _().2907  O-RING X-SECT DIAM (inch): . 2777
0-RING SQUEEZE (%): (AV&.) /7.3 O-RING SQUEEZE: (Av&e.) _ /7.2
ADJUSTED X-SECT (inch): £.2554  ADJUSTED X-SECT (inch): . 237

0-RING CONDITIONING

CONDITIONING TEMP.: h4.] eF
-

CONDITIONING START TIME: | FM 3/7/?7 CONDITIONING STOP TIME: ,Aw /7 -7

FIXTURE CONDITIONING FOR TEST
START DATE & TIME OF TEST CONDITIONING: 3/7/97  ®20 Ar
/

CONDITIONING TEMP.: 75.° oF
DATE & TIME OF TEST: 2/%/%71. 111 15AM

FIXTURE TEMEPERATURE AT END OF TEST: 7(./ °F

CALCULATE V, FINAL VOLUME (Vfl

Knovn initial volume in system calculated from Boyle’'s Law (Vi): ;2.54@2 1n3
Pum = 12.7 psia P, (at end of 1 min. from gage) + 12.7 = /3.59  psia

=__7c,,.?— °F Tz' ZQ.L °F (at JAYS) 5¢cond$>

T

1

Final Volume in Vl‘ (Vf) = (Patm * Vi * TZ)g(Pf * Tl)
Ve = _2.193) in
oV =V, -V

i f
AV = 0. '552 in3

ATTACH ALL COMPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS
COMMENTS ON DISSASSEMBLED CONDITION:

TWR-19794
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SPACE OPERATIONS

SCENARIO #1, TEST #9A (Test Date 3/08/89)

Test Pressure, Radial and Axial Displacement Vs. Time
(1 Second Piot)
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SPACE OPERATIONS

SCENARIO #1, TEST #9A (Test Date 3/08/89)

Test Pressure, Radial and Axial Displacement Vs. Time

(120 Second Plot)
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SPACE OPERATIONS
V,_PRESSURIZATION TESTS - TEST DATA SHEETS
SCENARIO #: T TEST t g9-2
ASSEMBLY DATE: _3/ 6 /89 TEST TECHNICIAN: L. Sarf por
TEST SUPERVISOR: 7, K&y, cdan
’
ASSEMBLY DETAILS: C
CYLINDER NO.:  ©3//c PISTON NO.: R
PRIMARY O-RING SECONDARY 0-RING
0-RING NO.: =z 0-RING NO.: e
0-RING INNER DIAMETER (inch): _9.25/ O-RING INNER DIAM (inch): : 7.7

0-RING X-SECTION DIAH (inch): _0.2907  O-RING X-SECT DIAM (inch):_°.
0-RING SQUEEZE (%): (AV&.) /7 3 0-RING SQUEEZE: (ANG.) /3
ADJUSTED X-SECT (inch): 0.2954  ADJUSTED X-SECT (inch): £, 234/

0-RING CONDITIONING _
CONDITIONING TEMP.: //4.! eF
P

CONDITIONING START TIME: m CONDITIONING STOP TIME: Ani 3/ 7 7]
3/7/89

FIXTURE CONDITIONING FOR TEST

START DATE & TIME OF TEST CONDITIONING: /%/%9. F12.0 Ay
CONDITIONING TEMP.: 75.© °F r ’

DATE & TIME OF TEST:  3/%/%9. /' 30 4w

FIXTURE TEMEPERATURE AT END OF TEST: 7u, Z °F

CALCULATE V, FINAL VOLUME (V,)

Known initial volume in system calculated from Boyle’s Law (Vi): 2. R4 Y 1n3

P = 12.7 psia Pf (at end of 1 min. from gage) + 12.7 = /3‘E§€ psia

atm .
T, = 76, 2 op T, = 76.2 __°F (at co secomas)
Final Volume in V, (V) = (P, * V, * Tz)g(Pf * 1))

Vf = 2.1947 in

VeV -V,

ATTACH ALL COMPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS
COMMENTS ON DISSASSEMBLED CONDITION:

TWR-19794
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W CORPORATION

SPACE OPERATIONS

SCENARIO #1, TEST #9B (Test Date 3/08/89)

Test Pressure, Radial and Axial Displacement Vs. Time
(120 Second Plot)
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SPACE OPERATIONS
V,_PRESSURIZATION TESTS - TEST DATA SHEETS
SCENARIO #: ~T TEST #: 9- 0
ASSEMBLY DATE: _ 3/, /§9 TEST TECHNICIAN: M. (Gdrdne~

TEST SUPERVISOR: 7. £Or/) 3an
[

ASSEMBLY DETAILS:

CYLINDER NO.: “5//0, PISTON NO.: 5%/&:3

PRIMARY 0-RING SECONDARY 0-RING

0-RING NO.: 2 0-RING NO.: - 22
~

0-RING INNER DIAMETER (inch): 9.3S/ 0-RING INNER DIAM (inch): 7,27
0-RING X-SECTION DIAM (inch): (.2907  O-RING X-SECT DIAM (inch):_ (£.2772

0-RING SQUEEZE (%): (AVa.) /7.3 0-RING SQUEEZE: (AV(s.) 19.&
ADJUSTED X-SECT (inch): 0,254  ADJUSTED X-SECT (inch): 0. 274

0-RING CONDITIONING

CONDITIONING TEMP.:  //4,! °oF -

CONDITIONING START TIME: / CONDITIONING STOP TIME: 7 Asd, 3/ 7/ 77
3/7/%7 '

FIXTURE CONDITIONING FOR TEST

START DATE & TIME OF TEST CONDITIONING: _ 3/ S’/ g9 Y30 Am

CONDITIONING TEMP.: /5.9 °F '

DATE & TIME OF TEST: 3/%/59, /304N
FIXTURE TEMEPERATURE AT END OF TEST: 75.5 °F

CALCULATE vV, FINAL VOLUME (sz

Known initial volume in system calculated from Boyle’s Law (Vi): . 34,8 in3

Poem ™ 12.7 psia P, (at end of 1 min. from gage) + 12.7 = |5:42  psia

T]_ = _75’_4_. °F Tz - _75__5__. °F (la‘ﬁ 60 Séf'onc*ﬁ)
Final Volume in V/. (Vf) = (Patm * Vi * Tz);(Pf * Tl)

Vf - /933? in

av - V1 - Vf

AV = O.i!io inl

ATTACH ALL COMPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS
COMMENTS ON DISSASSEMBLED CONDITION:
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SPACE OPERATIONS

SCENARIO #1, TEST #9C (Test Date 3/08/89)

Test Pressure, Radial and Axial Displacement Vs. Time

(1 Second Piot)
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SPACE OPERATIONS
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SCENARIO #1, TEST #9C (Test Date 3/08/89)

Test Pressure, Radial and Axlal Displacement Vs. Time

(120 Second Plot)
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TAEOAOE corronarion

SPACE OPERATIONS

V4 PRESSURIZATION TESTS - TEST DATA SHEETS

SCENARIO #: L . TEST *: D

ASSEMBLY DATE: 3/9/¢ TEST TECHNICIAN: N, Gardnsr
TEST SUPERVISOR: 7. /X 7%//4An

ASSEMBLY DETAILS: ¢

CYLINDER NO.: (“3//0 PISTON NO.: 43/&:3

PRIMARY 0-RING SECONDARY 0-RING

0-RING NO.: * 25 0-RING NO.: * e

0-RING INNER DIAMETER (inch): 9.335  0-RING INNER DIAM (inch): _7.379
0-RING X-SECTION DIAM (inch): 0.290/ 0-RING X-SECT DIAM (inch):_C.270¢
0-RING SQUEEZE (%): (AV&.) /7.4 0-RING SQUEEZE: (AVG ) 19.7
ADJUSTED X-SECT (inch): C.2§5S(, ADJUSTED X-SECT (inch): _0.283(

0-RING CONDITIONING

CONDITIONING TEMP.: _ //2.2  °F

CONDITIONING START TIME: &30 pm CONDITIONING STOP TIME: 7 AM EZ/DL?‘?
3¥9/97

FIXTURE CONDITIONING FOR TEST

START DATE & TIME OF TEST CONDITIONING: 3//0/ 75 g 30 A

CONDITIONING TEMP.: 7 ° °F

DATE & TIME OF TEST: 3/,0/89, /0:45AM

FIXTURE TEMEPERATURE AT END OF TEST: 74.3 °F

CALCULATE VL FINAL VOLUME (Vfl
Known initial volume in system calculated from Boyle’'s Law (Vi): = 324468 in3

Poem = 12.7 psia P (at end of 1 min. from gage) + 12.7 = /S.3C psia

T, = L3 °F T, = 76> °F(at &0 Seconds)
Final Volume in VA (Vf) = (P * V1 * Tz)/(Pf * Tl)

atm 3
Ve = /.940¢ in
o o- v -V,

AV = O, 4'0(24' in3

ATTACH ALL COMPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS
COMMENTS ON DISSASSEMBLED CONDITION:

TWR-19794
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W CORPORATION

SPACE OPERATIONS

SCENARIO #1, TEST #10 (Test Date 3/10/89)

Test Pressure, Radial and Axial Displacement Vs. Time
(1 Second Plot)
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W CORPORATION

SPACE OPERATIONS

SCENARIO #1, TEST #10 (Test Date 3/10/89)

Test Pressure, Radial and Axial Displacement Vs. Time
(120 Second Piot)
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—— 00C NO

W CORPORATION

SPACE OPERATIONS
v, PRESSURIZATION TESTS - TEST DATA SHEETS
SCENARIO #: T TEST #: JO- A
ASSEMBLY DATE: 2[9{?9 TEST TECHNICIAN: /1, (Gard, v~

TEST SUPERVISOR: ~7 #Fe , .24,

N

ASSEMBLY DETAILS:

CYLINDER NO.: (’3//4: PISTON NO.: : (’3/&3

PRIMARY O-RING SECONDARY 0-RING

0-RING NO.: * 25 0-RING NO.1 i
0-RING INNER DIAMETER (inch): 7. 286 0-RING INNER DIAM (inch): 7. 277
0-RING X-SECTION DIAM (inch): ”90/ 0-RING X-SECT DIAM (inch): 0,275 L
0-RING SQUEEZE (%): (ANG) _ /7.4 O-RING SQUEEZE: (AN ) _ /9.7
ADJUSTED X-SECT (inch): ,,259 ADJUSTED X-SECT (inch): £,895¢
0-RING CONDITIONING .
CONDITIONING TEMP.: Jj. = °F

CONDITIONING START TIME: /!30 pm CONDITIONING STOP TIME: 7/ Y ./ 79

39/%99
FIXTURE CONDITIONING FOR TEST
START DATE & TIME OF TEST CONDITIONING: 2//0/79 % 20 am
CONDITIONING TEMP.: 7.9 °F .
DATE & TIME OF TEST: _3/o/87 /0. /S AN
FIXTURE TEMEPERATURE AT END OF TEST: ;. % °F

CALCULATE V, FINAL VOLUME (Vfl

Known initial volume in system calculated from Boyle’s Law (V ) HAeE 1n

Patm = 12.7 psia P, (at end of 1 min. from gage) + 12.7 = /3,6,3 psia

. 2 °F T, %4 F(at Lo Seconds)

T
1
Final Volume in Va (Vf) = (Patﬁ * V1 * TZ)/(Pf * Tl)
oV = Vi - Vf

Ve 0./573 in3

ATTACH ALL COMPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS
COMMENTS ON DISSASSEMBLED CONDITION:

TWR-19794
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W CORPORATION

SPACE OPERATIONS

SCENARIO #1, TEST #10A

(Test Date 3/10/89)

Test Pressure, Radial and Axial Displacement Vs. Time
(1 Second Plot)
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W CORPORATION

SPACE OPERATIONS

PRESSURE (PSIG)

PRESSURE (PSIG)

REVISION

SCENARIO #1, TEST #10A (Test Date 3/10/89)

Test Pressure, Radial and Axial Displacement Vs. Time

(120 Second Plot)
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W CORPORA TION

SPACE OPERATIONS
V,_PRESSURIZATION TESTS - TEST DATA SHEETS
-
SCENARIO #: e TEST 0-4
ASSEMBLY DATE: 3{ 9/¢7 TEST TECHNICIAN: M, Garclrer

TEST SUPERVISOR: 1, K%, ,,irn
ASSEMBLY DETAILS: ’

7E) )

CYLINDER NO.: 53/ ) PISTON NO.: b /03
PRIMARY 0-RING SECONDARY 0-RING

0-RING NO.: # 25 0-RING NO. 1 =

O-RING INNER DIAMETER (inch): 4“3325 O-RING INNER DIAM (inch): 71, 27¢

-

0-RING X-SECTION DIAM (inch): 0.290/ 0-RING X-SECT DIAM (inch):_c D7c(,
0-RING SQUEEZE (X): (AN&.) _/7.£ 0-RING SQUEEZE: (AV&.) (2.7

ADJUSTED X-SECT (inch): 0.2 S¢ ADJUSTED X-SECT (inch): _L.Z7S(,

~

0-RING CONDITIONING .
CONDITIONING TEMP.: /]2, 2  eF
CONDITIONING START TIME: & !20 Om CONDITIONING STOP TIME: J Aul .2,/ 0, 77
—4?@_ e
3/9/¢9

FIXTURE CONDITIONING FOR TEST
START DATE & TIME OF TEST CONDITIONING: 3//0]?? 7 30 amM
CONDITIONING TEMP.: _ 74,.O °F 7

DATE & TIME OF TEST: 3//0/%9

FIXTURE TEMEPERATURE AT END OF TEST: 7. 2> °F

CALCULATE V, FINAL VOLUME (Vfl

Known initial volume in system calculated from Boyle’'s Lav (V,): 2340 F 1n3

Patm = 12.7 psia Pf (at end of 1 min. from gage) + 12.7 = ER psia

Tl = 7‘/3 °F Tz = 70.3 °F /ai b Secorc S\)
Final Volume in v, (Vf) - (Patm * Vi * TZ)g(Pf * Tl)
vf bl 9:/?@2 in

oV = V:l - Vf

& = _0./6o) in3

ATTACH ALL COMPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS
COMMENTS ON DISSASSEMBLED CONDITION:

TWR-19794

REVISION DOC NO. | vo
SEC ’PAGE A-91




W CORPORATION

SPACE OPERATIONS

SCENARIO #1, TEST #10B (Test Date 3/10/89)

Test Pressure, Radlal and Axial Displacement Vs. Time
{1 Second Plot)
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W CORPORATION

" SPACE OPERATIONS

SCENARIO #1, TEST #10B

(120 Second Plot)

Test Pressure, Radial and Axial Displacement Vs. Time

(Test Date 3/10/89)
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SPACE OPERATIONS
V,_PRESSURIZATION TESTS - TEST DATA SHEETS
SCENARIO #: - TEST #: 0-C
ASSEMBLY DATE: 3/3/% TEST TECHNICIAN: 7). (o9, jrov i

s

TEST SUPERVISOR: 7, f.,,7 .77,

ASSEMBLY DETAILS:

CYLINDER NO.: L3/, PISTON NO.: e
PRIMARY 0-RING SECONDARY 0-RING
0-RING NO.: TS 0-RING NO.: T

O-RING INNER DIAMETER (inch): /.3F5  0-RING INNER DIAM (inch): '} 3~9
0-RING X-SECTION DIAM (inch): 0.270/ O-RING X-SECT DIAM (inch): ¢.290(,
0-RING SQUEEZE (%): (AY6.) _ /7.4 0-RING SQUEEZE: (ANG.) S
ADJUSTED X-SECT (inch): 0.575(  ADJUSTED X-SECT (inch): 0,235

0-RING CONDITIONING
CONDITIONING TEMP.: /2. % oF .

CONDITIONING START TIME: o 30pm CONDITIONING STOP TIME: 7 4m 3 /0 §9
3/9/79

FIXTURE .CONDITIONING FOR TEST

START DATE & TIME OF TEST CONDITIONING: 5//0/3‘; 5:30 /4

CONDITIONING TEMP.: _7(.° °F
DATE & TIME OF TEST: 3//0/§7
FIXTURE TEMEPERATURE AT END OF TEST: 7(.3 °F

CALCULATE V, FINAL VOLUME (Vfl

Known initial volume in system calculated from Boyle’s Law (Vi): < 34¢ ln3

P.em = 127 psia  P; (at end of 1 min. from gage) + 12.7 « /5. 75  psia

T = _Tpd CF T, = 7> °F (@t L0 Secomds)
Final Volume in Vl‘ (Vf) = (l’a * Vi * Tz)/(Pf * Tl)

tm 3
Vf = 108915 in
av = Vi - Vf
oy = Oﬁsii in3

ATTACH ALL COMPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS
COMMENTS ON DISSASSEMBLED CONDITION:

REVISION TWR-19794
— DOC-NO.
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W CORPORATION

SPACE OPERATIONS

PRESSURE (PSIG)

PRESSURE (PSIG)

SCENARIO #1, TEST #10C

Test Pressure, Radlal and Axial Displacement Vs, Time

(1 Second Piot)

(Test Date 3/10/89)

REVISION

== 0.05
4 TEST PRESSURE i
1000 44 - RADIAL DISPLACEMENT —— ‘l 1
) AXIAL DISPLACEMENT 1 ) 3 i
] - AXIAL DISPLACEMENT 2 | 004
800 AN . E i
1 .- ] cz)
] 7 N PIPSPS Eetalinitt atiintl AR (i L oo =
600 Z L E -
v E z
j / Ry /V 1 o
/ v 9 3
) r ]~ 002 o
400 i 3 b
1 VR RN N CUUUURUUORY IS S A S T R 4 -
] R VA REEE : z
S A F 2
200 e Eoon &
; S 3
< /./ ," :
1 /. E
0 L ey v v v v - -~ E0.00
0.0 0. 0.2 0.3 04 05 0.6 07 08 0.9 1.0
TIME (SECONDS)
V-4 Cavity Pressure Vs. Time
(1 Second Piot)
4 4
] [
- o
3] — - s 53
3 e ;
L // :
p . f
] P :
2‘ // - 2
d / :
] 4 s
]
b / s
3 / [
1 / -
1 - \
- / 1
b / L
< i :
] I g
- ’ r
01 . - v v 0
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
TIME (SECONDS)
TWR-19794
DOC NO. ‘ { vou
SEC [ PAGE A-95




W CORPORATION

SPACE OPERATIONS

SCENARIO #1, TEST #10C (Test Date 3/10/89)

Test Pressure, Radial and Axial Displacement Vs. Time
' (120 Second Plot)
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REVISION

CORPORATION

SPACE OPERATIONS
V,_PRESSURIZATION TESTS - TEST DATA SHEETS
-
SCENARIO #: 4 TEST /!
ASSEMBLY DATE: __3/,3 /59 TEST TECHNICIAN: ). (51, i,/

TEST SUPERVISOR: ~ 7, K¥,p, i1,

(

ASSEMBLY DETAILS:

CYLINDER NO.: 43//0; PISTON NO.: 63/, =
PRIMARY 0-RING SECONDARY 0-RING
0-RING NO.: ' o7 0-RING NO.: * 28

O-RING INNER DIAMETER (inch): 9.39/  0-RING INNER DIAM (inch): 9.374
0-RING X-SECTION DIAM (inch): (0.2892.  0-RING X-SECT DIAM (inch):_0.29/7

0-RING SQUEEZE (%): (ANG.) _J/7./ 0-RING SQUEEZE: (Av&.) _/9 9
ADJUSTED X-SECT (inch): 0, 294% ADJUSTED X-SECT (inch): 0.286 @

0-RING CONDITIONING
CONDITIONING TEMP.: /2.2 oF }
CONDITIONING START TIME: 3pm g[/s/;‘? CONDITIONING STOP TIME: 7/ Am _ﬂ/{[é’?’

FIXTURE CONDITIONING FOR TEST

START DATE & TIME OF TEST CONDITIONING: j//l?/‘?‘? ¥ 304m
CONDITIONING TEMP.: /[ 9 °F _ i

DATE & TIME OF TEST: 3//4/z7. 114y At

FIXTURE TEMEPERATURE AT END OF TEST: 75.9 °F

CALCULATE vV, FINAL VOLUME (vfg

Known initial volume in system calculated from Boyle’'s Lav (Vi): LAL tn>

Paem = 12.7 psia P (at end of 1 min. from gage) + 12.7 = /5. /b  psia

T, - 759 °F T, 75.9 °F (at (0 Seconds)
Final Volume in Va (Vf) = (Patm * Vi * TZ)g(Pf * Tl)

Ve = [ 960 in
ooV, -V,

& = 0,2509 in3

ATTACH ALL COMPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS
COMMENTS ON DISSASSEMBLED CONDITION:

TWR-19794
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W CORPORATION

SPACE OPERATIONS

SCENARIO #1, TEST #11 (Test Date 3/14/89)

Test Pressure, Radial and Axial Displacement Vs. Time

(1 Second Piot)
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W CORPORATION

SPACE OPERATIONS

SCENARIO #1, TEST #11 (Test Date 3/14/89)

Test Pressure, Radial and Axial Displacement Vs. Time

(120 Second Plot)
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ZALOAOE corromar, o

SPACE OPERATIONS
V,_PRESSURIZATION TESTS - TEST DATA SHEETS
SCENARIO #: A TEST #1 - A
ASSEMBLY DATE: _3//3/¢9 TEST TECHNICIAN: M. (ror /e r

TEST SUPERVISOR: T, £o,,/ 2a,

¢

ASSEMBLY DETAILS:

CYLINDER NO.: L3/, PISTON NO.: 5 .3

PRIMARY O-RING SECONDARY 0-RING

0-RING NO.: 757 0-RING NO.: 28

O-RING INNER DIAMETER (inch): 9. 39/ 0-RING INNER DIAM (inch): /7, 274
0-RING X-SECTION DIAM (inch): .7 572  0-RING X-SECT DIAM (inch): ¢ 297
0-RING SQUEEZE (X): (ANG.) 7. 0-RING SQUEEZE: (AvVG&G.) 19,9
ADJUSTED X-SECT (linch): 0.2%4%  ADJUSTED X-SECT (inch): £.5566
0-RING CONDITIONING

CONDITIONING TEMP.:  //2.> °F
CONDITIONING START TIME: _3'cD DM CONDITIONING STOP TIME: 7 AM 3.4 g9

2/13/ 97
FIXTURE CONDITIONING FOR TEST
START DATE & TIME OF TEST CONDITIONING: 3//4/57. 7.30 Aeq
CONDITIONING TEMP.: 74,.° °F
DATE & TIME OF TEST: 3//4/39, /L 40 At
FIXTURE TEMEPERATURE AT END OF TEST: 75.4% °F

CALCULATE V, FINAL VOLUME (Vfl

Known initial volume in system calculated from Boyle's Lav (V,): R 346§ in’
P = 12.7 psia  P. (at end of 1 min. from gage) + 12.7 « |3 5% psia

atm ,
T, = 753 °F T, = 75,4  °F; @t ([,O SeCO'\dS)
Final Volume in Vb (Vf) 2 (Patm * \.’i * '[’2)3(1"f * Tl)

Vf = 3-304 in

&V =V, -V

1 £
&V = 0. ]42%  ind

ATTACH ALL COMPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS
COMMENTS ON DISSASSEMBLED CONDITION:

REVISION TWR-19794
DOC NO. ] voL

SEC ,ma A-100
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SPACE OPERATIONS

SCENARIO #1, TEST #11A (Test Date 3/14/89)

Test Pressure, Radial and Axial Displacement Vs. Time

(1 Second Plot)
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W CORPORATION

SPACE OPERATIONS

SCENARIO #1, TEST #11A (Test Date 3/14/89)

Test Pressure, Radial and Axial Displacement Vs. Time
(120 Second Piot)
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W CORPORATION

SPACE OPERATIONS
V,_PRESSURIZATION TESTS - TEST DATA SHEETS
SCENARIO #: T TEST 1 I - AA
ASSEMBLY DATE: _3//2/77% TEST TECHNICIAN: "' 9. i, .+

TEST SUPERVISOR: T . + -

ASSEMBLY DETAILS:

CYLINDER NO.: 2/ PISTON NO.: b3
PRIMARY O-RING SECONDARY 0-RING
0-RING NO.: it s 0-RING NO.: "8

O-RING INNER DIAMETER (inch): 7. 29/  0-RING INNER DIAM (inch): % 374
0-RING X-SECTION DIAM (inch): 00,2752 O-RING X-SECT DIAM (inch): ©.29/7
0-RING SQUEEZE (X): (AV&.) /7.7 O-RING SQUEEZE: (RANVG.) /9.9
ADJUSTED X-SECT (inch): €,2§4%  ADJUSTED X-SECT (inch): 2, 2866

0-RING CONDITIONING

CONDITIONING TEMP.: __ /2.~ °F
CONDITIONING START TIME: _3 P4 CONDITIONING STOP TIME: ‘Tdm 3. /<4 §9

313/ 99

FIXTURE CONDITIONING FOR TEST
START DATE & TIME OF TEST CONDITIONING: 2//4/77  8:3C A

CONDITIONING TEMP.: 74,.9 °F
DATE & TIME OF TEST: 3//4/87.  J111S Any
FIXTURE TEMEPERATURE AT END OF TEST: °F

CALCULATE V, FINAL VOLUME (Vfl

Known initial volume in system calculated from Boyle’s Law (Vi): 3,3442 in3

Pam = 12.7 psia l’f (at end of 1 min. from gage) + 12.7 e 13.54¢ psia

a .
T1 = ZS. - °F '1‘2 = 75. 4 of (.91‘ 6o ,5eCor\dS>
Final Volume in Va (Vf) - (Patm * Vi * TZ)g(Pf * Tl)

Ve = _2 1325 in
OV = Vi - Vf

OV = 0, “2 33 in3

ATTACH ALL COMPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS
COMMENTS ON DISSASSEMBLED CONDITION:

REVISION TWR-19794

DOC NO. voL

SEC ﬁes A 103




W CORPORATION

SPACE OPERATIONS

SCENARIO #1, TEST #11AA (Test Date 3/14/89)

Test Pressure, Radial and Axial Displacement Vs. Time
(1 Second Plot)
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W CORPORATION

SPACE OPERATIONS

SCENARIO #1, TEST #11AA (Test Date 3/14/89)

Test Pressure, Radial and Axial Displacement Vs. Time
(120 Second Plot)
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T2LOAOE corponar on

SPACE OPERATIONS
v, PRESSURIZATION TESTS - TEST DATA SHEETS
SCENARIO #: - TEST #: -2
ASSEMBLY DATE: _2//3/g9 TEST TECHNICIAN: . H0r ()0

TEST SUPERVISOR: 7V, k'oc s,
T
ASSEMBLY DETAILS:

CYLINDER NO.: v3//6 PISTON NO.: AP,
PRIMARY 0-RING SECONDARY 0-RING
7 O-RING NO.:

0-RING NO.: o )
. 39/ 0-RING INNER DIAM (inch): 3. 271

0-RING INNER DIAMETER (inch)s
0-RING X-SECTION DIAM (inch): 792 0-RING X-SECT DIAM (inch)i 2. =7
0-RING SQUEEZE (¥): (Av&.) _ 7./  O-RING SQUEEZE: (AYG.) 7.7
ADJUSTED X-SECT (inch): 0.234%  ADJUSTED X-SECT (inch): _0.%¢(,

o

%
I
M

S0

L

0-RING CONDITIONING

CONDITIONING TEMP.: //2.2 °F

CONDITIONING START TIME: ) 20 pai CONDITIONING STOP TIME: 2//4]77 = pr
3//37? 9

FIXTURE CONDITIONING FOR TEST
START DATE & TIME OF TEST CONDITIONING: 5//4/?41 7O A
CONDITIONING TEMP.: 74,0 °F

DATE & TIME OF TEST: 3//4/§7 .30 At/

FIXTURE TEMEPERATURE AT sn_é OF TEST: 75. 7 °F

CALCULATE V, FINAL VOLUME (Vfl

Known initial volume in system calculated from Boyle's Law (Vi): g.34é€ 1n3

Patm = 12.7 psia P, (at end of 1 min. from gage) + 12.7 = /3.¥a. psia

T - 350 °F  T,- 2% °F(at LO Seconds)
Final Volume in VA (Vf) = (Patm * Vi * TZ);(Pf * Tl)
4V = V1 - Vf :

&V = 0!/20& in3

ATTACH ALLVCOHPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS
COMMENTS ON DISSASSEMBLED CONDITION:

TWR-19794

DOC NO. J voL

€ [ 4% 27106

REVISION




W CORPORATION

SPACE OPERATIONS

SCENARIO #1, TEST #11B (Test Date 3/14/89)

Test Pressure, Radial and Axial Displacement Vs. Time
(1 Second Plot)
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W CORPORATION

SPACE OPERATIONS

SCENARIO #1, TEST #11B (Test Date 3/14/89)

Test Pressure, Radial and Axial Displacement Vs. Time
(120 Second Plot)
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SPACE OPERATIONS
!4 FRESSURIZATION TESTS - TEST DATA SHEETS

SCENARIO #: T TEST #: -

ASSEMBLY DATE: 3&2193 TEST TECHNICIAN: /1), .z3.udiry

TEST SUPERVISOR: 1 . X2, /1723 /7
/

ASSEMBLY DETAILS:

LA A
CYLINDER No.: (3 ) /g PISTON NO.: w2/ 3
PRIMARY 0-RING SECONDARY 0-RING
0-RING NO. : ¥27  0-RING NO.: N

0-RING INNER DIAMETER (inch): 9.27) 0-RING INNER DIAM (inch): _9.37<4
0-RING X-SECTION DIAM (inch): 019322 0-RING X-SECT DIAM (inch): 0.29/7

O0-RING SQUEEZE (%): (Av&.) 17/ 0-RING SQUEEZE: (A»'C-;.) /2,2
ADJUSTED X-SECT (inch): 0,948 ADJUSTED X-SECT (inch): . 2966

0-RING CONDITIONING
CONDITIONING TEMP.: )22 e
CONDITIONING START TIME: 3 M _2/3/57 CONDITIONING STOP TIME: 7AM 3//4/??

FIXTURE CONDITIONING FOR TEST

START DATE & TIME OF TEST CONDITIONING: 3//4/§7  7:304m
CONDITIONING TEMP.: 7(.2 °F

DATE & TIME OF TEST: 2//4/¢9, 11'So4n

FIXTURE TEMEPERATURE AT END OF TEST: 75.(, °F

CALCULATE vV, _FINAL VOLUME (Vfl

Rnown initial volume in system calculated from Boyle's Lav (V,): 34§ in°

Potm * 12.7 psia (at end of 1 min. from gage) + 12.7 = /5.20  psia
T, - 5.7 °F 75.7  °F (al 6o Seconds)
Final Volume in VA (Vf) = (Patm * V1 * Tz)g(Pf Tl)

Vf = /r 9&0? in

AV = V1 - VE

V= _.23%0 in3

ATTACH ALL COMPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS
COMMENTS ON DISSASSEMBLED CONDITION:

REVISION TWVR~19794

DOC NO.

] VoL
SEc [ PAGE
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MORTON THIOKOL . INC

Space Division

SCENARIO #1, TEST #11C

Test Pressure, Radial and Axial Displacement Vs. Time
(1 Second Plot)

(Test Date 3/14/89)
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TALOAKOE corrorarion

SPACE OPERATIONS

SCENARIO #1, TEST #11C (Test Date 3/14/89)

Test Pressure, Radial and Axial Displacement Vs. Time
(120 Second Piot)
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SPACE OPERATIONS

V4 FRESSURIZATION TESTS - TEST DATA SHEETS

SCENARIO #: T TEST #1 12

ASSEMBLY DATE: __2/20/§9 TEST TECUNICIAN: . (2, or
TEST SUPERVISOR: 7, Keer. :.. .

ASSEMBLY DETAILS: ~

CYLINDER NO.: 2/, PISTON NO.1 £igz

FRIMARY 0-RING SECONDARY 0-RING

0-RING NO.: "9 0-RING NO.t T ze

7

0-RING INNER DIAMETER (inch)t 7. 35/ O0-RING INNER DIAM (inch): 7, 217
7
A

TN R (S

0-RING X-SECTION DIAM (inch): _0.2§82  O-RING X-SECT DIAM (inch): :.3
0-RING SQUEEZE (%): (ANG.) _[h.G _ O-RING SQUEEZE: ( ANG.) /%,

ADJUSTED X-SECT (inch): p.2950  ADJUSTED X-SECT (inch): c, 2%

0-RING CONDITIONING
CONDITIONING TEMP.t __ Jj0. = °F -
CONDITIONING START TIME: (pg 3/20/¥7 CONDITIONING STOP TIME: 7AmM, 3/2//77

FIXTURE CONDITIONING FOR TEST

START DATE & TIME OF TEST CONDITIONING: 3/ 2// £7 ¥ 45 N4
CONDITIONING TEMP.: 77.° °F /

DATE & TIME OF TEST: 5/2/&?# /I IvAN

FIXTURE TEMEPERATURE AT END OF TEST: 7L.Z °F

CALCULATE V, FINAL VOLUHEinl

Known initial volume in system calculated from Boyle’'s Law (Vi): <. 340/ 1n3
P = 12.7 psia Pe (at end of 1 min. from gage) + 12.7 = _/5. 87 psia

atm :
Tl = 7(0 L oF Tz = Z(DuL °F (QL &0 S(fc_\l\():))
Final Volume in V, (V,) = (B, * V * Tz)g(Pf * 1))

Vf = ¥790 in

oV = Vi - Vf

OV = 04688  in3

ATTACH ALL COMPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS
COMMENTS ON DISSASSEMBLED CONDITION: Axial Stoppers were
. 7 .
boloosed  a{lec  Seatima  0-rings . '4hus Q—[mgi
[} [P ’
Were d |5{>laccd bL = 13

REVISION TWVR-19794
00C NO. [ vou
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W CORPORATION

SPACE OPERATIONS

SCENARIO #1, TEST #12 (Test Date 3/21/89)

Test Pressure, Radial and Axial Displacement Vs. Time

(1 Second Plot)
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W CORPORATION

SPACE OPERATIONS

SCENARIO #1, TEST #12 (Test Date 3/21/89)

Test Pressure, Radial and Axial Displacement Vs. Time

(120 Second Plot)
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SPACE OPERATIONS
V,_PRESSURIZATION TESTS - TEST DATA SHEETS
SCENARIO #: =z TEST %2 Jj2- /]
ASSEMBLY DATE: 3/2 TEST TECHNICIAN: /). /Z . ipryp

TEST SUPERVISOR: 7. Kooy, -7 t,1
ASSEMBLY DETAILS: !

CYLINDER NO.: /’3//4, PISTON NO.: 4 3[& 2
PRIMARY 0-RING SECONDARY 0-RING
0-RING NO.: rz9 0-RING NO.1 7.

0-RING INNER DIAMETER (inch): _9.35/  0-RING INNER DIAM (inch): _ 5. 237
0-RING X-SECTION DIAM (inch): (,2§72Z  O-RING X-SECT DIAH (inch): .. 577G
0-RING SQUEEZE (%): (Av6&.) Jhle  O-RING SQUEEZE: (ANG) _ 7.
ADJUSTED X-SECT (inch): 0.2230 ADJUSTED X-SECT (inch): _(.59)7

0-RING CONDITIONING

z

CONDITIONING TEMP.: L9 °F

CONDITIONING START TIME: /pm 3(70/5? CONDITIONING STOP TIME: ‘A~  3/2//59

FIXTURE CONDITIONING FOR TEST
START DATE & TIME OF TEST CONDITIONING: 3/2//?7, 745 p1A
CONDITIONING TEMP.: 7.7 °F '

DATE & TIME OF TEST:  3/21 /89 . 1020 ArA

FIXTURE TEMEPERATURE AT END OF TEST: 7(./ °F

CALCULATE V, FINAL VOLUME (Vfl

Known Initlal volume in system calculated from Boyle's Law (Vi): a‘Z.3l-éi in>

Poym = 12.7 psia P, (at end of 1 min. from gage) + 12.7 - /3.79  psia

T, = 7.° °F T, = To.° °F(at (o 5e(o,uls:)
Final Volume in \l4 (Vf) = (P * Vi * ’1'2)/(5’f * Tl)

atm 3
Ve = 2 1613 in
oV oV -V

oV = 0315  inl

ATTACH ALL COMPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS
COMMENTS ON DISSASSEMBLED CONDITION:

TWR-19794

0OC NO. i VOL

e [P 4 11S
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SPACE OPERATIONS

SCENARIO #1, TEST #12A (Test Date 3/21/89)

Test Pressure, Radlial and Axial Displacement Vs. Time
(1 Second Plot)

" 0.025
{| —— TEST PRESSURE L
10004 .... RADIAL DISPLACEMENT o r
1] —— AMAL DISPLACEMENT 1! [
11 — - AxiAL DISPLACEMENT 2 o020
) 3
~ 800 4 :
© 1 b
4 I . A [N ZPPUPT PRPPPPPREE seaonscseerfensecaisnaprssosocscscdecencrossnsheresconnes o
& ) e IV ZSPere 0015
600 — s _
w ) s
z . o
2 = / :
] - 0.01G
9 a00 ~
@ : E i
o ) s
2001 L - 0.005

ok DS /A a@g—ya;‘«é»— S Y e L VRS AP AR LS SV VIS YA S A
0.0 Q. 0.2 Q.3 Q4 05 06 07 08 09 10
TIME (SECONDS)

V-4 Cavity Pressure Vs. Time
(1 Second Plot)

1 4‘ [ 1.4
P2 L 12
] !
T 1.0 — aet {0
b 2R
& A :
w 058; - : 08
2 ] ! ;
O 06 L 0.6
el < b
& p / s
a 4 / L
0.4 /1 0.4
§ / [
< / 3
0.2 ‘ 0.2
o / b
] , [
c\/ 3
0.0 Sy v v . . . 0.0
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
TIME (SECONDS)

TWR-19794

REVISION DOC NO. [ voL

DISPLACEMENT (INCHES)

SEC I PAGE A-T1A



W CORPORATION

SPACE OPERATIONS

SCENARIO #1, TEST #12A (Test Date 3/21/89)

Test Pressure, Radial and Axial Displacement Vs. Time

(120 Second Plot)
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SPACE OPERATIONS
V,_PRESSURIZATION TESTS - TEST DATA SHEETS
SCENARIO #: _ “ L TEST #1 (2-B
ASSEMBLY DATE: _3/20/§7 TEST TECHNICIAN: M. Gardne,

TEST SUPERVISOR: -1, ¥ e/, 194,

ASSEMBLY DETAILS:

/
CYLINDER NO.: b3 PISTOM NO.: L3/, 2
PRIMARY O-RING SECONDARY 0-RING

# v
0-RING NO.: 29 0-RING NO.: - 30

0-RING INNER DIAMETER (inch): 7.35] 0-RING INNER DIAM (inch): 9.338
0-RING X-SECTION DIAM (inch): PR O-RING X-SECT DIAM (inch): 0. 32876
0-RING SQUEEZE (%): (ANG.) Jb.(-_ O-RING SQUEEZE: (ANGr) __i7. G

ADJUSTED X-SECT (inch): 0.2830 ADJUSTED X-SECT (inch): 0.2%

0-RING CONDITIONING
CONDITIONING TEMP.: 110,
CONDITIONING START TIME: [pm 3[20/g9 CONDITIONING STOP TIME: 74n 32 /€7

Z o

FIXTURE CONDITIONING FOR TEST

START DATE & TIME OF TEST CONDITIONING: 3j§-/ §2 ., 745AM
CONDITIONING TEMP.: 77.° °F ’

DATE & TIME OF TEST: 3/21/§9, J0 40Am

FIXTURE TEMEPERATURE AT END OF TEST: 7(.7 °F

CALCULATE V, FINAL VOLUME (Vfl

Known initial volume in system calculated from Boyle’s Law (Vi): o 3&? 1n3
P = 12.7 psia Pf (at end of 1 min. from gage) + 12.7 = /13, 8 psia

atm
T, - 76,7 °oF T, = 76.7 or (af o sSeconds)
Final Volume in V(‘ (Vf) = (Patm * V1 * Tz);(Pf * Tl)

Vf = & 1597 in

av = Vi -~ Vf

v = 0,187/ in3

ATTACH ALL COMPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS
COMMENTS ON DISSASSEMBLED CONDITION:

TWR-19794

DOC NO. ' VoL
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REVISION




W CORPORA TION

SPACE OPERATIONS

SCENARIO #1, TEST #12B (Test Date 3/21/89)

Test Pressure, Radial and Axial Displacement Vs. Time

(1 Second Plot)
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SCENAR!IO #1, TEST #12B (Test Date 3/21/89)

Test Pressure, Radlai and Axial Displacement Vs. Time
(120 Second Plot)
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SPACE OPERATIONS
!4 PRESSURIZATION TESTS ~ TEST DATA SHEETS
-1
SCEMNARIO #: - TEST # 2=
ASSEMBLY DATE: 20/ § TEST TECHNICIAN: /1. (7.9, ./, c—

TEST SUPERVISOR: 7. AP/, mm
=

ASSEMBLY DETAILS:

CYLINDER NO.: 03//@ PISTON NO.: (’3/4,3
PRIMARY 0-RING - SECONDARY 0-RING

0-RING NO.: &7 0-RING NO. 1 # T
0-RING INNER DIAMETER (inch): 9. 35S/ O-RING INNER DIAM (inch): 4.22 7

0-RING X-SECTION DIAM (inch): C.Z782 O-RING X-SECT DIAH (inch)i_0.277(
0-RING SQUEEZE (X): (A\JG,,) 1e. 6 0-RING SQUEEZE: (Me..) (T b
ADJUSTED X-SECT (inch): 0,2720 ADJUSTED X-SECT (inch): 0.2?/3

0-RING CONDITIONING

CONDITIONING TEMP.: 10.% °F
CONDITIONING START TIME: /pp 3gzo/g9 CONDITIONING STOP TIME: 7 Ard  =/21/89

FIXTURE CONDITIONING FOR TEST

START DATE & TIME OF TEST CONDITIONING: 3/2//¥7 ¢ 45 Ara
CONDITIONING TEMP.: 77.° °F ‘ 7

DATE & TIME OF TEST: 3/2//37

FIXTURE TEMEPERATURE AT END OF TEST: 5.5 °F

CALCULATE V, FINAL VOLUHEivfl

Known initial volume in system calculated from Boyle's Law (Vi): 2.3463 in3
P m " 12.7 psia l’f (at end of 1 min. from gage) + 12.7 = /5.93 psia

at
T, = 75.5 °F T, = 75.S °F (a1 (0 SecondS'’
Final Volume in VA (Vf) = (Patm * Vi * TZ)/(PE * TI)

Vf = 1 .%7/0 in

AV = ‘v’1 - Vf

AV = 0-4‘75 in3

ATTACH ALL COMPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS
COMMENTS ON DISSASSEMBLED CONDITION:

REVISION 50C N TWR-19794

SEC I PAGE
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SPACE OPERATIONS

PRESSURE (PSIG)

PRESSURE (PSIG)
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SCENARIO #1, TEST #12C (Test Date

Test Pressure, Radial and Axial Displacement
(1 Second Plot)
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SCENARIO #1, TEST #12C (Test Date 3/21/89)

Test Pressure, Radial and Axial Displacement Vs. Time
(120 Second Plot)
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SPACK OPERATIONS
V,_PRESSURIZATION TESTS - TEST DATA SHEETS
SCENARIO #: /s TEST #1 /
ASSEMBLY DATE: _ 5//4/99 TEST TECHNICIAN: Al =2 e/

TEST SUPERVISOR: /. <.,/ ...7,1

/
‘

ASSEMBLY DETAILS:

CYLINDER NO.: 621 PISTOM NO.: (37, 3

PRIMARY 0-RING v SECONDARY 0-RING

0-RING NO.: #3 0-RING NO.: iR

0-RING INNER DIAMETER (inch): _9. 274  0-RING INNER DIAM (inch): , 374
0-RING X-SECTION DIAM (inch): (. 2776 O-RING X-SECT DIAM (inch):_ 0. 2gg
0-RING SQUEEZE (X): (AN&G.) _ ;7/ 0-RING SQUEEZE: (ANG.) /9.7
ADJUSTED X-SECT (inch): 02349 ADJUSTED X-SECT (inch): 0.2336
0-RING CONDITIONING

CONDITIONING TEMP.: )/ 2.9 °F -
CONDITIONING START TIME: _ moun CONDITIONING STOP TIME: J4M 2/ 'S5/&9

27487

FIXTURE CONDITIONING FOR TEST
START DATE & TIME OF TEST CONDITIONING: <2//S/&7, 9 :!/0 Ard
CONDITIONING TEMP.: 74.O0 °F

DATE & TIME OF TEST: &//S/§9, 9: 945 A

FIXTURE TEMEPERATURE AT END OF TEST: 75.9 °F

CALCULATE V, FINAL VOLUME (V)

Known initial volume in system calculated from Boyle's Law (Vi): 322/ 1n3

Patm = 12.7 psia l’£ (at end of 1 min. from gage) + 12.7 = /4. 92 psia

T, =75% °F T, =~ 259 °F(at o secords)
Final Volume in V, (V) = (Patm *v, ok TZ)g(Pf * 1))
Ve = = 403 in
bV - V1 - VE

&V = 0. %003 inl3

ATTACH ALL COMPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS
COMMENTS ON DISSASSEMBLED CONDITION:
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SCENARIO #2, TEST #1

Test Pressure and Radial Displacement Vs. Time
(1 Second Plot)

(Test Date 2/15/89)
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SPACE OPERATIONS :

SCENARIO #2, TEST #1 (Test Date 2/15/89)

Test Pressure and Radial Displacement Vs. Time
(120 Second Plot)
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SPACE OPERATIONS

!4 FRESSURIZATION TESTS - TEST DATA SNEETS

SCENARIO . L TEST #1 2
ASSEMBLY DATE: _ 2/20 /89 TEST TECHNICIAN: M. (o rdrer

TEST SUPERVISOR: 7., Ke, ., , 2:7,
4

ASSEMBLY DETAILS:

CYLINDER NO.: €2/, PISTON NO. ! L1/
FRIMARY O-RING , SECONDARY O-RING

0-RING NO. 1 g 0-RING NO. 1 "5
0-RING INNER DIAMETER (inch): 7,3, §  O-RING INNER DIAM (inch): _ 7 Fco

~

0-RING X-SECTION DIAH (inch):t _¢. Z9// O0-RING X-SECT DIAM (inch):_ . 77 2
0-RING SQUEEZE (X): (w(,.) /7.5 0-RING SQUEEZE: (ANG.) 17.7

- ——

ADJUSTED X-SECT (inch): L. 2302 ADJUSTED X-SECT (inch): c. 2557

0-RING CONDITIONING

CONDITIONING TEMP.: 12.° °F .

CONDITIONING START TIME: /!'30 pm CONDITIONING STOP TIME: J:co v 2. 2/ /&9
2/20/%89

FIXTURE CONDITIONING FOR TEST

START DATE & TIME OF TEST CONDITIONING: 2/2J 79 0150 AN

CONDITIONING TEMP.: 74.7 °F

DATE & TIME OF TEST: 2/2//79, 1/1c0 A

FIXTURE TEMEPERATURE AT END OF TEST: 74.¢ °F

CALCULATE V, FINAL VOLUME (V)

Known initial volume in system calculated from Boyle‘s Law (V )y 3.22/6 1n3

Patm = 12.7 psia f (at end of 1 min. from gage) + 12.7 - /9 2o psia

= .S °F T, = 2.5 °F (et Go Seconds )
Final Volume in Vl‘ (Vf) = (Patm * Vi * Tz);(i’f * Tl)
Ve = 2./310 in
OV - Vi - Vf

ATTACH ALL COMPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS
COMMENTS ON DISSASSEMBLED CONDITION: ~|em pera. +ure was__ not +ofallyY
, : g: - ﬁ
Stahiljzed _ Prec to -4<5+-,m~ r__1he 3 +eszS.

TWR-19794
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PRESSURE (PSIG)

PRESSURE (PSIG)

SCENARIO #2, TEST #2

(Test Date 2/21/89)
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(1 Second Piot)

REVISION

]

—( (2%
’ 7
1000+ ; - ;—o.ozo g
} / ! t z
/ P e T S < :
800 J ) e 7 Loors ;
L k // y
600+ Y / <
/ / <
S 4 K - 'I'OOIO 3
i
‘oo{ (,'/ b
+0.005
200 / 1
gmom oA ——
% 3:&"&@' ;: —‘_—-‘_
¥ 9 - t +0.000
%% 0.2 04 0.6 1) 1'o
TIME (SECONDS)
V-4 Cavity Pressure Vs. Time
(1 Second Plot) )
6l /’f : 1
44 +
2} : 1
° t 4 + t
0.0 0.2 0.4 0'6 o8 1.0
TWR-19794
TIME (SECONDS) ooc No. |_vor
SEC

A-128

l PAGE



TAREOAOE oreorarion

SPACE OPERATIONS

SCENARIO #2, TEST #2 (Test Date 2/21/89)

Test Pressure, Radlal and Axial Displacement Vs. Time
(120 Second Plot)
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SPACE OPERATIONS

V,_PRESSURIZATION TESTS - TEST DATA SHEETS
SCEMARIO #: iy TEST M 3
ASSEMBLY DATE: _ &/2// 59 TEST TECHNICIAN: M Goa-d,o—

TEST SUPERVISOR: ~T. Kecr 2o,
ASSEMBLY DETAILS: 1
CYLINDER NO.: (’3//9 PISTON NO.: (“2/93
PRIMARY O-RING SECONDARY O0-RING
0-RING NO.: *7 0~RING NO. 1 7=
0-RING INNER DIAMETER (inch): _9.35/ 0-RING INNER DIAM (inch): 4. 27,
0-RING X-SECTION DIAM (inch): 0,2900 O-RING X-SECT DIAM (imch):t_ (.29 &
0-RING SQUEEZE (X%): (Awa.) /7. ] 0-RING SQUEEZE: (ANG.) 19,7
ADJUSTED X-SECT (inch): 0.2547 ADJUSTED X-SECT (inch): £.2%557
0-RING CONDITIONING
CONDITIONING TEMP.: /10 > op
CONDITIONING START TIME: 3!3¢¢m CONDITIONING STOP TIME: 7-vu Am  2/25/ 77
2/11/79

FIXTURE CONDITIONING FOR TEST
START DATE & TIME OF TEST CONDITIONING: z/21/29 ¥145 Ard

CONDITIONING TEMP.: 74,3 °F
DATE & TIME OF TEST: 2/22/%3, 10 AM
FIXTURE TEMEPERATURE AT END OF TEST: 7¢.2 °F

CALCULATE V, FINAL VOLUME (Vfl

Known initial volume in system calculated from Boyle's Lav (V,): 3.22/6 ind

|4 = 12.7 psia Pf (at end of 1 min. from gage) + 12.7 = /19.3/ psia

atm
T, = _Te% °F T, » _76.% °F (at 6o Secomds)
Final Volume in VI‘ (Vf) = (Patm * Vi * TZ)g(Pf * Tl)

Ve = 2,158 in

oV =V, -V

| £
oV e [./02% inl

ATTACH ALL COMPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS
COMMENTS ON DISSASSEMBLED CONDITION:

TWR-19794
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SPACE OPERATIONS

SCENARIO #2, TEST #3 (Test Date 2/22/89)

Test Pressure, Radial and Axial Displacement Vs. Time
(1 Second Plot)
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SPACE OPERATIONS

SCENARIO #2, TEST #3 (Test Date 2/22/89)

Test Pressure, Radial and Axial Displacement Vs. Time

(120 Second Plot)
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SPACE OPERATIONS

V, PRESSURIZATION TESTS - TEST DATA SHEETS

SCENARIO K: T TEST 4 ,

ASSEMBLY DATE: _=2/22/%9 TEST TECHNICIAN: M. Sar clper
TEST SUPERVISOR: T, kérr.adan

ASSEMBLY DETAILS: v

CYLINDER NO.: “‘/xe PISTON NO.: 63/¢3

PRIMARY 0-RING SECONDARY O-RING

O-RING NO.: 79 0-RING NO.1: ¥ 40

O-RING INNER DIAMETER (inch): 9. 36 % O0-RING INNER DIAM (inch): 3 324
0-RING X~SECTION DIAM (inch): 0.29// 0-RING X-SECT DIAM (inch): O-Zﬂz

0-RING SQUEEZE (¥): (ANG.) _ /7S  O-RING SQUEEZE: (ANG.) __{9.4
ADJUSTED X-SECT (inch): 0.2962 . ADJUSTED X-SECT (inch): _0,2846

0-RING CONDITIONING

CONDITIONING TEMP.: /3. z °F

CONDITIONING START TIME: )!1Spm CONDITIONING STOP TIME: Tam . 2/23/89
7
2/22/57
FIXTURE CONDITIONING FOR TEST
START DATE & TIME OF TEST CONDITIONING: 2/23/§% !So Aam
. 4
CONDITIONING TEMP.: 740 °F
DATE & TIME OF TEST: 2/23/%9, 950 AM
FIXTURE TEMEPERATURE AT END OF TEST: 75.9 °F

CALCULATE V, FINAL VOLUME (Vfl

Knowvn initial volume in system calculated from Boyle’'s Law (V‘): 2.22/6 1n3

Potm = 12.7 psia P (at end of 1 min. from gage) + 12.7 = 16. 87 psia

T = _ 75 °F T, = =7 'F(a-é b0 Secords)
Final Volume in Vl. (Vf) - (P’atul * Vi * TZ);(PE * Tl)
oV = \li - Vf

AV = 0,726§ in3

ATTACH ALL COMPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS
COMMENTS ON DISSASSEMBLED CONDITION:

REVISION TWR-19794

DOC NO.
SEC | PAGE
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SPACE OPERATIONS

SCENARIO #2, TEST #4 (Test Date 2/23/89)

Test Pressure, Radial and Axial Displacement Vs. Time
(1 Second Plot)
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SPACE OPERATIONS

SCENARIO #2, TEST #4 (Test Date 2/23/89)

Test Pressure, Radlal and Axial Displacement Vs. Time
(120 Second Plot)
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SPACE OPERATIONS
V,_PRESSURIZATION TESTS - TEST DATA SHEETS
/
SCEMNARIO #: AL TEST & kY
ASSEMBLY DATE: __2/23/77 TEST TECHNICIAN: M. ardne-
TEST SUPERVISOR: T, ké,,/ g2
/
ASSEMBLY DETAILS:
b3 3
CYLINDER NO.: //" PISTON NO.: "’/éf*’
PRIMARY O-RING . SECUNDARY 0-RING
0-RING NO.1 " 0-RING NO.: o

O-RING INNER DIAMETER (inch): _9.35Z  0-RING INNER DIAM (inch): _§.3§/
O-RING X-SECTION DIAM (inch): 0.2902Z 0-RING X-SECT DIAM (inch)y 0,290,
O-RING SQUEEZE (%): (A\JG.) 17 % 0-RING SQUEEZE: (ANG.) 19.4
ADJUSTED X-SECT (inch): 0.2949  ADJUSTED X-SECT (inch): 0284960

0-RING CONDITIONING
CONDITIONING TEMP.: //2.% °of
CONDITIONING START TIME: Nopn, 2/23/99 CONDITIONING STOP TIHE: 7 Awm, X/a4/%9

FIXTURE CONDITIONING FOR TEST

START DATE & TIME OF TEST CONDITIONING: 2/14/7‘7, 9 oM
CONDITIONING TEMP.: _7,.7  °F
DATE & TIME OF TEST: 2/24/79, 955 aMm

FIXTURE TEMEPERATURE AT END OF TEST: 75. 8 of

CALCULATE V, FINAL VOLUMELVEI

Known initial volume in system calculated from Boyle’s Law (V) 3.22/16 in3
Patm = 12.7 psia P, (at end of 1 min. from gage) + 12.7 = 17.40  psia
; °
T, - 757 _°F T,- 75.8 _ °F (at GO Seconds)
Final Volume in Vl‘ (Vf) = (Patm * Vi * TZ)g(Pf * Tl)
VE - 2-3545 in
oV = V1 - Vf

4V = 0, 8!17{ inl

ATTACH ALL COMPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS
COMMENTS ON DISSASSEMBLED CONDITION:

REVISION b0C No TWR-19794

sec ’ PAGE
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SPACE OPERATIONS

SCENARIO #2, TEST #5 (Test Date 2/24/89)

Test Pressure, Radial and Axial Displacement Vs. Time

(1 Second Plot)
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SPACE OPERATIONS

SCENARIO #2, TEST #5 (Test Date 2/24/89)

Test Pressure, Radial and Axial Displacement Vs. Time

(120 Second Piot)
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SPACE OPERATIONS
V,_PRESSURIZATION TESTS - TEST DATA SHEETS
SCENARIO #: /A TEST #1 A
ASSEMBLY DATE: _2/37/99 TEST TECHANICIAN: M. Gardlner

TEST SUPERVISOR: 7. KP///49 )
ASSEMBLY DETAILS: /

(3

CYLINDER NO.: 1‘3// A PISTON NO.: / o3
PRIMARY O-RING SECONDARY 0-RING

0-RING NO.: #,3 0-RING NO.: # 4

0-RING INNER DIAMETER (inch): _7.3P3  O0-RING INNER DIAH (inch): _9q.35/
0-RING X-SECTION DIAM (inch): 0,290Z  O-RING X-SECT DIAM (inch):_0.29/0
0-RING SQUEEZE (¥): (AV&.) 7.4 _ O-RING SQUEEZE: (ANG.) /9.6
ADJUSTED X-SECT (inch): 0.295¢ ADJUSTED X-SECT (inch): _0.2Y¥5S5

0-RING CONDITIONING
CONDITIONING TEMP.: /08.% op

CONDITIONING START TIME: /(30 AM CONDITIONING STOP TIME: [ A4, \‘2/28’/27
/
2/27) %9
FIXTURE CONDITIONING FOR TEST
START DATE & TIME OF TEST CONDITIONING: 2/7-9/ g9, LY

CONDITIONING TEMP.: /5.9 °F ,’
DATE & TIME OF TEST: 1/29/§9 )O A |
FIXTURE TEMEPERATURE AT END OF TEST: 7.,.° °F

CALCULATE V, FINAL VOLUME vaz

Known initial volume in system calculated from Boyle’'s Law (Vi): 3.22/6 1n3

Pom = 12-7 psia P, (at end of 1 min. from gage) « 12.7 = 9 432  psia

T, - _36.9 °F T, - _759 °F (ar 6O Second®)
Final Volume in Va (Vf) - (P * Vi * Tz)/(Pf * Tl)

atm 3
Vf - 2- /057 in
4v = Vi - Vf

AV a /. /159  in3

ATTACH ALL COMPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS
COMMENTS ON DISSASSEMBLED CONDITION:

TWR-19794

REVISION 560G M. ™
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SPACE OPERATIONS

SCENARIO #2, TEST #6 (Test Date 2/28/89)

Test Pressure, Radiai and Axial Displacement Vs. Time

(1 Second Plot)
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SPACE OPERATIONS

SCENARIO #2, TEST #6 (Test Date 2/28/89)

Test Pressure, Radial and Axial Displacement Vs. Time
(120 Second Plot)
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SPACE OPERATIONS

V., PRESSURIZATION TESTS - TEST DATA SHEETS

SCENARIO #: T TEST h 7
ASSEMBLY DATE: _2/2§/ 59 TEST TECHNICIAN: M., Gardane—

TEST SUPERVISOR: T, K%rr/94n
/

ASSEMBLY DETAILS:

b3 2

CYLINDER NO.: //@ ‘ PISTON NO.: "/ /xS
PRIMARY 0-RING SECONDARY 0-RING

0-RING NO.: * /6 0-RING NO.: 17

O-RING INNER DIAMETER (inch): % .35/  0-RING INNER DIAM (inch): ¢ 383
O-RING X-SECTION DIAM (inch): ©0.2904 0-RING X-SECT DIAM (inch): 0.2879
0-RING SQUEEZE (%): (ANG.) /7.2 _ O-RING SQUEEZE: (ANG.) /9.9
ADJUSTED X-SECT (inch): 0,285/ ADJUSTED X-SECT (inch): 0.2¢3/

0-RING CONDITIONING
CONDITIONING TEMP.:  //3,2 o

CONDITIONING START TIME: /!30 ‘[M/ CONDITIONING STOP TIME: 7 Au 2/29/99
2/28/ 89

FIXTURE CONDITIONING FOR TEST

START DATE & TIME GF TEST CONDITIONING: 2/29/8%, /O AM
CONDITIONING TEMP.: 75.Y °F

DATE & TIME OF TEST: 2/29/99.

FIXTURE TEMEPERATURE AT END OF TEST: 75,3 °F

CALCULATE Vv, FINAL VOLUME (sz

Known initial volume in system calculated from Boyle’s Law (Vi): 3-22/b 1n3

Poem = 127 psia P, (at end of 1 min. from gage) + 12.7 = 206 psia

T, = _5.Z °F T, = 252 °F (at 6o secords)
Final Volume in Va (Vf) = (P‘atm * ‘Ji * ‘1'2):/;(PE » Tl)
Vf - ’, 7?38‘ in
oV =« Vi - Vf )
oV = /. 232€ in3

ATTACH ALL COMPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS
COMMENTS ON DISSASSEMBLED CONDITION:

TWR-19794
2OC %0. vou
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SPACE OPERATIONS

SCENARIO #2, TEST #7 (Test Date 3/01/89)

Test Pressure, Radial and Axial Displacement Vs. Time
(1 Second Plot)

4| = TEST PRESSURE
10004 ..... RADIAL DISPLACEMENT 0.04
J| —— AxIAL DISPLACEMENT 1 P !
N — ~aoseacement 2 | L7 L | | | L f 7
~ Boo = 4 ] w
Q 1 003 Q
g: o // T e e Dot LEP LDVt 3 =
& 4 N BN
600 L —
W ! .~ z
a2 ! Re 9 (W]
2 ! / -0.02 X
7 ! 2 J o
[*¥ ] 400 AN Y ST YYTTTIIIE g 3
£ i e T 3
Wi 3 7]
4 ’,5" - 0.01 =
200 '}.'/ / : Q
o .’J 3
0 — - . v v L 0.00
0.0 0.1 0.2 0.3 0.4 05 0.6 0.7 o8 0.9 1.0
TIME (SECONDS)
V-4 Cavity Pressure Vs. Time
(1 Second Plot)
8 -+ ——ei-8
] e [
r r b
] r 4
] ‘ '
!
- & : 6
o 1 ! 3
7 . ! 3
Q. 4 ! 9
~ ! q
W / 9
E . y 4
n b ! ]
n 9 [} 3
ol b 1 9
& I :
. - ‘ e
L ‘ 4
2: , ; 2
L ' e
b [ L
L ‘ :
3 ! [
0 v v - —— et 0
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
TIME (SECONDS)
TWR-19794
REVISION DOC MO | vou
sec A-147

[ PAGE



-
W CORPORATION

SPACE OPERATIONS

SCENARIO #2, TEST #7 (Test Date 3/01/89)

Test Pressure, Radlal and Axial Displacement Vs. Time
(120 Second Piot)
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SPACE OPERATIONS

. V, PRESSURIZATION TESTS - TEST DATA SHEETS

SCENARIO #: T TEST # 8

ASSEMBLY DATE: 3/1/39 TEST TECHNICIAN: M. Gard e »

TEST SUPERVISOR: T, Kerrr g2
/

ASSEMBLY DETAILS:

CYLINDER NO.: w//e PISTON NO.: ' ("3/63
PRIMARY 0-RING SECONDARY 0-RING
0-RING NO.: )7 0-RING NO.: ¥ /8

0-RING INNER DIAMETER (inch): _9. 374 . 0-RING INNER DIAM (inch): _§ 327
0-RING X-SECTION DIAM (inch): 0.2904  0-RING X-SECT DIAM (inch):_(©.290/
0-RING SQUEEZE (%): (ANG.) 17.4 0-RING SQUEEZE: (Aqg.) /9. z
ADJUSTED X-SECT (inch): 0,250  ADJUSTED X-SECT (inch): 0,254/

0-RING CONDITIONING

CONDITIONING TEMP.: 13,3 o

CONDITIONING START TIME: Z!20 pm CONDITIONING STOP TIME: 7AM, 3/2/59
3/1199

FIXTURE CONDITIONING FOR TEST

START DATE & TIME OF TEST CONDITIONING: 3/2/89. 47 AM

CONDITIONING TEMP.: _ 74,.° °F ‘ o

DATE & TIME OF TEST: 3/2/99, J1 15 AM

FIXTURE TEMEPERATURE AT END OF TEST: 75.7 °F

CALCULATE V, FINAL VOLUME (V.)

Known initial volume in system calculated from Boyle’s Law (Vi): 3.22/6 in3

Patm = 12.7 psia Pf (at end of 1 min. from gage) + 12.7 = 19. 87  psia
T, = 5.6 °F T, = 75.6  °F(at o secords)
Final Volume in VA (VE) = (Patm * Vi * ‘1'2)/(?E * Tl)

Vf - 0’2105?1 in

av = Vi - Vf

&V = [./625 1in3

ATTACH ALL COMPUTER PRINTOUTS AND PRESSURE AND DISPLACIMENT TRACZS FOR ABOVE TESTS
COMMENTS ON DISSASSEMBLED CONDITION: '

TWR-19794
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SPACE OPERATIONS

SCENARIO #2, TEST #8 (Test Date 3/02/89)

Test Pressure, Radial and Axial Displacement Vs. Time

(1 Second Plot)
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SPACE OPERATIONS

SCENARIO #2, TEST #8 (Test Date 3/02/89)

(120 Second Plot)

Test Pressure, Radial and Axial Dispilacement Vs. Time
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SPACE OPERATIONS
V,_PRESSURIZATION TESTS - TEST DATA SHEETS
SCENARIO #: g TEST % 9
ASSEMBLY DATE: 5(4 /39 TEST TECHNICIAN: M. GarJne ¢

TEST SUPERVISOR: T . Ker/.f/zan

ASSEMBLY DETAILS:

CYLINDER NO.: (03//(; PISTON NO.: 6 3/ 63
PRIMARY 0-RING SECONDARY 0-RING
0-RING NO.: 2 2/ 0-RING NO.: 7 Q3

0-RING INNER DIAMETER (inch): _ 9,35/  0-RING INNER DIAM (inch): _9 347
O-RING X-SECTION DIAM (inch): 0.2907  0-RING X-SECT DIAM (inch):_0. 2893
0-RING SQUEEZE (%): (ANG.) _17.3 0-RING SQUEEZE: (ANG.) [9. %
ADJUSTED X-SECT (inch): 0.2%554  ADJUSTED X-SECT (inch): 0. 2894/

0-RING CONDITIONING
CONDITIONING TEMP.: /14,  °F
CONDITIONING START TIME: Igm, y7/ §9 CONDITIONING STOP TIME: ] AM 3/7/39

FIXTURE CONDITIONING FOR TEST
START DATE & TIME OF TEST CONDITIONING: 3/ ?/ £, 730 Am
CONDITIONING TEMP.: 75, ° °F

DATE & TIME OF TEST: 3/)5/§3  /0:25 AM

FIXTURE TEMEPERATURE AT END OF TEST: 74.4 °F

CALCULATE V, FINAL VOLUME (VE)-

Known initial volume in system calculated from Boyle’s Law (Vi): 2.2210 1n3

Patm = 12.7 psia f (at end of 1 min. from gzage) + 12.7 = 20 23 psia

T, - 742 °F T, 74%_°F (at 6o Seconds)
Final Volume in V4 (Vf) = (Pam * Vi * 'I' )/(P T )

Vf = 2,2225 in

OV = Vi - Vf

AV = ' I- I??/ in3

ATTACH ALL COMPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACZS FOR ABOVE TESTS
COHMENTS ON DISSASSEHBLED coNDITION: _To  much Dressurt o

o Shaft
[gcm ;1;1:{_/ 9 4.5 ds.S‘emb/J
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SPACE OPERATIONS

SCENARIO #2, TEST #9 (Test Date 3/08/89)

Test Pressure, Radial and Axial Displacement Vs. Time
(1 Second Piot)
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SPACE OPERATIONS

SCENARIO #2, TEST #9 (Test Date 3/08 /89)

Test Pressure, Radial and Axial Displacement Vs. Time
(120 Second Plot)
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SPACE OPERATIONS
V,_PRESSURIZATION TESTS - TEST DATA SHEETS
SCENARIO #: -/ TEST M1 /O
ASSEMBLY DATE: _3/7/¢7 TEST TECHNICIAN: M, (7ar dner

TEST SUPERVISOR: 7. K¢r/)dan
ASSEMBLY DETAILS: '

CYLINDER NO.: l’3//0 PISTON NO.: 6’3/ 63
PRIMARY 0-RING SECONDARY 0-RING
0-RING NO.: #25 0-RING NO.: 'Rl

0-RING INNER DIAMETER (inch): _9.385  0-RING INNER DIAM (inch): _9. 379
0-RING X-SECTION DIAM (inch)s 0.290/  0-RING X-SECT DIAM (inch):_0.290(,
0-RING SQUEEZE (%): (AvV&) _/7.% 0-RING SQUEEZE: (AV&.) 19.7
ADJUSTED X-SECT (inch): 0.285¢  ADJUSTED X-SECT (inch): _0.205¢(

0-RING CONDITIONING

CONDITIONING TEMP.: /2.2 ef

CONDITIONING START TIME: 2!30 pm CONDITIONING STOP TIME: 7 4. 3//0/§9
3/9/?9 ’

FIXTURE CONDITIONING FOR TEST

START DATE & TIME OF TEST CONDITIONING: 3//0/ 27, T30 am

CONDITIONING TEMP.: 7,.° °F

DATE & TIME OF TEST: 3//0/%3, JO AM

FIXTURE TEMEPERATURE AT END OF TEST: 7.0 °F

CALCULATE V, FINAL VOLUME (V.)

Known initial volume in system calculated from Boyle’s Law (vi): 3,226 in3

Patm = 12.7 psia l’f (at end of 1 min. from gage) + 12.7 « 7. 75 psia

1= 283 1, 757 °F(at 60 Secomds)
Final Vo_luule inv, (Vf) = (P'atm * V1 * 1‘2);(!’f * Tl)
= Q3050 in

Ve
AV = Vi - Vf .
AV = ‘2,5/6‘ in3

ATTACH ALL COMPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS
COMMENTS ON DISSASSEMBLED CONDITION:
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SPACE OPERATIONS

SCENARIO #2, TEST #10 (Test Date 3/10/89)

Test Pressure, Radial and Axial Displacement Vs. Time

(120 Second Piot)
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SPACE OPERATIONS

SCENARIO #2, TEST #10 (Test Date 3/10/89)

Test Pressure, Radial and Axial Displacement Vs. Time

(1 Second Plot)

0.025

4] —— TEST PRESSURE

10004 -.... RADIAL DISPLACEMENT f

1| = = axiaL OISPLACEMENT 1 [

1 — axiaL osPracement 2 -0.020 o
~ 800 4 ¥
Q 1 i Q
(7] 4 b r4
Q. F B D Y A SUPOPPPYEY LERE IR RERLESEEEL] P PR PRI ErTT T ores +0.0185 <
- Y SPPPPELY L

600 ——it -
(V) d . o z
[*4 b (™)
2 . 3
A ; / -0.010 W
w 400 .' (&)
o ! / S
a 4 K b o
) ; s a
200 - -0.005 &

0 —— e e e e e e e e e s el L

0.0 0.1 0.2 0.3 0.4 05 0.6 0.7 08 0.9 1.0
TIME (SECONDS)
V-4 Cavity Pressure Vs. Time
(1 Second Plot)

6 6

5‘ - C WA Nl el . —— -—"‘.5

- ,’/ 9

4
/
) 4 : 4
n ) f 1
o A )
A d <4 [ 3
¥ 3 . 3
: L , 3
"1 ] '
n 4 | S
& 5l /  »
a. 24 [ o
L ' 4
P ] 5
E l 3
1 - 1
] [ [
‘ b
] i [
0 v Ly - v v - v v - 0
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
TIME (SECONDS)
TWR-19794
REVISION DOC NO. L voL
SEC | PAGE A 159



W CORPORATION

SPACE OPERATIONS

V,_PRESSURIZATION TESTS - TEST DATA SHEETS

SCENARIO #: _ —IC TEST /]

ASSEMBLY DATE: 2/)3) 89 TEST TECHNICIAN: M, GarJne

TEST SUPERVISOR: | , Ker,,Q9 a
2

ASSEMBLY DETAILS:

2 63
CYLINDER NO.: (’“/ /b PISTON NO.: / L3
PRIMARY O-RING SECONDARY 0-RING
+*
0-RING NO.: 27  O-RING NO.: "2

0-RING INNER DIAMETER (inch): 9.39/  0-RING INNER DIAM (inch): 9.374
O-RING X-SECTION DIAM (inch): (.2§9Z- 0-RING X-SECT DIAM (inch):_0,29/7
0-RING SQUEEZE (%): (ANG.) _ 7./ 0-RING SQUEEZE: (ANG&.) _ /9.7

ADJUSTED X-SECT (inch): 0.294%  ADJUSTED X-SECT (inch): 02806

0-RING CONDITIONING
CONDITIONING TEMP.: 112.2 o
CONDITIONING START TIME: 3 gm 3/13/99 CONDITIONING STOP TIME: 7 At 3//4/59

FIXTURE CONDITIONING FOR TEST
START DATE & TIME OF TEST CONDITIONING: 3/ /4/ g9, §'20 AM

CONDITIONING TEMP.: 0 oF
DATE & TIME OF TEST: 3//47?5‘, 1025 Ary

FIXTURE TEMEPERATURE AT END OF TEST: 75.5 °F

CALCULATE V, FINAL VOLUME (Vf)_

Known initial volume in system calculated from Boyle’s Lav (Vi) 3,22/ in3
Patm - 12.7 psia PE (at end of 1 min. from gage) + 12.7 « /2, /2 psia

Ty = _75.5 °F T, = _75.5 °F<¢ 6o s«-om)s)

Final Volume in Vl‘ (Vf) - (Patm * Vi bod ‘1'2):/’(1’f * Tl)
vf - 2. ’3&/ 1"

4V = V1 - Vf

ATTACH ALL COMPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS
COMMENTS ON DISSASSEMBLED CONDITION:
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SPACE OPERATIONS
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SCENARIO #2, TEST #11

Test Pressure, Radiat and Axial Displacement Vs. Time

(1 Second Plot)

(Test Date 3/14/89)
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W CORPORATION

SPACE OPERATIONS

SCENARIO #2, TEST #11 (Test Date 3/14/89)

Test Pressure, Radial and Axial Displacement Vs. Time
(120 Second Plot)
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SPACE OPERATIONS
VL PRESSURIZATION TESIS - TEST DATA SHEETS

SCENARIO #: ps TEST #: |2
ASSEMBLY DATE: 20/ % TEST TECHNICIAN: M. Gardnér

TEST SUPERVISOR: 7., Kerriin,,
/
ASSEMBLY DETAILS:

2 3
CYLINDER NoO.: (o'//(p PISTON NO.: b / L2
PRIMARY 0-RING SECONDARY 0-RING
0-RING NO.: *29 0-RING NO.: # 20

. 0-RING INNER DIAMETER (inch): 9, >S/ ' 0-RING INNER DIAM (inch): __ 9 33§
0-RING X-SECTION DIAM (inch): 0.2§52  0-RING X-SECT DIAM (inch): ©.2876
0-RING SQUEEZE (%): (ANG.) _ /(. & O-RING SQUEEZE: (ANG.) £ 6
ADJUSTED X-SECT (inch): 0.2330  ADJUSTED X-SECT (inch): 0.2%/9

0-RING CONDITIONING
CONDITIONING TEMP.: /0, & p
CONDITIONING START TIME: | pm 3{20/79 CONDITIONING STOP TIME: 7 a1, 3/21/49

FIXTURE CONDITIONING FOR TEST
START DATE & TIME OF TEST CONDITIONING: 3/21/99,  9:45 An
CONDITIONING TEMP.: 74,.% °F ' '

DATE & TIME OF TEST: 3/21/89, 10 #M

FIXTURE TEMEPERATURE AT END OF TEST: 76.°_°F

CALCULATE V, FINAL VOLUME (V)

, 3
Known initial volume in system calculated from Boyle’s Law (Vi): 322/& in

Paem = 12-7 psia P (at end of 1 min. from gage) + 12.7 = /b6.59 psia
T, - _76° °F T, « 769 °F (at 6°Seconds>
Final Volume in VA (Vf) = (Patm * V1 * '1'2)2(!’f * 1‘1)

vf = &ib(;?/ in

AV-Vl-VE

AV = [»} ESi in3

/

ATTACH ALL COMPUTER PRINTOUTS AND PRESSURE AND DISPLACEMENT TRACES FOR ABOVE TESTS
COMMENTS ON DISSASSEMBLED CONDITION:
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SCENARIO #2, TEST #12 (Test Date 3/21/89)

Test Pressure, Radial and Axial Displacement Vs. Time
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SPACE OPERATIONS
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SCENARIO #2, TEST #12 (Test Date 3/21/89)

Test Pressure, Radial and Axial Displacement Vs. Time
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Appendix B
Determining Initial V, Cavity Volume (Test Fixture)
Scenarios #1 & #2
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SPACE OPERATIONS
RELIEF VALVE
AT 10 PSIG ‘\
VALVE VALVE
NO. 2 NO. | >
( X )
_ ~
- ~
. T TEST
o , Fi«TLRE
~ e A~
ALUM I NUM — (1)
LINES Ty <r,/
i {
13 2913 i
TRANSOLCED
(| (4
LA 7

RESULATOR — —~

™S NITROGEN

SOURCE

FIGURE 8

Known Volume measured with isopropyl alcohol and
determined as described in Section 3.5.2.

Volume in lines + Valve No.2 = 3.0 cc.
Volume in left half of Valve No.l1 = 0.3 cc.
Total Known Volume = 3.5 cc.
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SPACE OPERATIONS
SCENARIO #1
Try #1:

"

T, = 76.4° F, P, = 8.20 psig + 12.7 atm. 20.90 psi (absolute)

1

TZ = 76.4° F, P2 = 6.46 psig + 12.7 atm. = 19.16 psi (absolute)
E’]."‘V1 = PZ*VZ
P2
V, = * (3.5 + V)
1 p 1
1
19.16
V, = * (3.5 + V)
1 20.90 1
V1 = 3.209 + O.,917*V1
V1 = 38.663 cc. = 2.359 cu.in.
Try #2:
T1 = 77.0° F, I’1 = 8.24 psig + 12.7 atm. = 20.94 psi(absolute)
T2 = 77.0° F, PZ = 6.49 psig + 12.7 atm. = 19.19 psi(absolute)
Pl*Vl = Pz"fV2
P2
v = * (3-5 + V )
1 p 1
1
19.19
V, = * (3.5 + V)
L 20,94 1
V1 = 3.207 + O.916*Vl
V1 = 38.179 cec. = 2.330 cu.in.
2.359 + 2.330
AVERAGE VOLUME = = 2.345 cu.in.
2
REVISION 00C NO. TWR-19794 | vou
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SPACE OPERATIONS
SCENARIO #2
Try #1:
T, = 78.6° F, P1 = 5.25 psig + 12.7 atm. = 17.95 psi(absolute)

T2 = 78.6° F, P2 = 4.16 psig + 12.7 atm. = 16.86 psi(absolute)

PI*V1 = P2*V2
Py
Vv, = * (3.5 + V,)
1 p 1
1
16.86
V, = * (3.5 + V.)
1 4795 1
V1 = 3.287 + 0.939*V1
V1 = 53.885 cc. = 3.288 cu.in.
Try $2:
T1 = 78.2° F, P1 = 5.67 psig + 12.7 atm. = 18.37 psi(absolute)
T2 = 78.2° F, P2 = 4.50 psig + 12.7 atm. = 17.2 psi(absolute)
Py*Vy = By*0y
Py
V., = * (3.5 + V,)
1 p 1
1 .
17.20
V., = * (3.5 + V.))
17 18,37 1
V1 = 3.277 + O.936*V1
V1 = 51.203 ce. = 3.124 cu.in.
3.288 + 3.124
AVERAGE VOLUME = = 3.206 cu.in.
2
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NOTE:

REVISION

Appendix C

Determining Final VA Volume and Pressure Rise

Appendix C contains one iteration of calculations for

pressure rise predictions. These are only example
calculations wused to support the predictions listed in
Tables 2 through 5 in the document.
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W CORPORATION

SPACE OPERATIONS

0-RING GEOMETRIC RELATIONSHIPS (using Molari Equations)

L T
— = 0.9938 e0.6837c c Squeeze ;Juasvuaqu:—7(
LUl pRELI '

D b

(]

L ' o 100G l f
b 2/3 | o
- = 1.5 (c¢) D = Adjusted O-ring ; j |
D Cross Section ' Lo
L ok
7|1 f\\_'/ i /F‘
Solve for L, b, and F for "
both Primary and Secondary CROCVE
O-rings CECT™
O-ring Dimensions Groove Dimensions
Primary Secondary Primary Secondary
ID = 9.383" 9.374" ID = 9.551" 9.564"
CS = 0.2903" 0.2908" 0D = 9.979" 9.979"
ADJ = 0.2857" 0.2857" DEPTH = 0.215" 0.208"
CS WVIDTH = 0.360" 0.351"
SQ = 17.4% 19.7% GAP = 0.0215" 0.0215"
Primary O-ring Secondary O-ring
L 0.6837 L 0.6837
—=0.9938 e * ¢ - 1.1193 —=0.9938 e ° ¢ . 1.13n
D D
b b
--1.5 ()23 = 0.4675 — - 1.5 ()3 - 0.5078
D D
L-b L-b
F=— F=—
2 2
L = 0.320 in. L = 0.325 in.
b = 0.134 in. b = 0.145 in.
F = 0.093 in. F = 0.090 in.
REVISION__ D0C NO. m—19794 l vOL
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W CORPORATION

SPACE OPERATIONS
Primary O-ring Volume Secondary 0O-ring Volume
vo-ring = (X-sec Area)*(Length)n vO—ring = (X-sec Area)*(Length)n
.2903)2 .2908Y2
= n*x (9.383 + 0.2903)n = n* (9.374 + 0.2908)n
2 2
= 2.011 cu.in. = 2.017 cu.in.
Primary Groove Volume Secondary Groove Volume

(X-sec Area)*(Length)n

- *
vgroove (X-sec Area)*(Length)n vgroove

(0.360)*(0.215 + 0.0215) (0.351)*(0.208 + 0.0215)
*(9.551 + 0.215 + 0.0215)n *(9.564 + 0.208 + 0.0215)n
2.618 cu.in. 2.478 cu.in.

Determining L Primary

F*(Groove Depth)
(0.093)*(0.215 + 0.0215)
0.022 sq.in.

Rectangular Area

b A = [0-ring Area - b*(Groove Depth)] + 2
F n(0.2903)2
= fj————— - (0.134) * (0.215 + 0.0215)
4
A = 0.017 sq.in.

Va = (Rectangular Area - A)*(Length of Va c.g.)
Va = (0.022 - 0.017) * (9.551 + 0.215 + 0.0215)n
V. = 0.154 cu.in.
a
TVR-19794
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W CORPORATION

SPACE OPERATIONS

’Determining Va Secondary

Determining_\_l1 Primary

Y
?
V.
1
S b
T

v (secondary]
a X
O-ring

Determining V1 Secondary

REVISION

Rectangular Area

>
[

[}

1}

F(Groove Depth)
0.090 * (0.208 + 0.0215)
0.021 sq.in.

nonwou

[O-ring Area - b(Groove Depth)] + 2

[ n(0.2908)*

4
0.017 sq.in.

(0.1451) * (0.208 + 0.0215) + 2 ]

(Rectangular Area - A) * (Length of Va c.g.)

(0.021 - 0.017) * (9.564 + 0.208 + 0.0215)n

0.123 cu.in. .
(v -V, .-V .

groove O-ring a’ primary
2.618 - 2.011 - 0.154
0.453 cu.in.
(Vgroove - vO-ring - Va] secondary
2.478 - 2.017 - 0.123
0.338 cu.in.
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W CORPORATION

SPACE OPERATIONS
SCENARIO #1
FINAL VA VOLUME AND PRESSURE RISE
VITHOUT AXIAL DISPLACEMENT
. Pressure
.
E - v {
a
INITIAL FINAL
Vf = Vi - Va; ==> Vi- Calculations contained in Appendix B
==> Vi = 2.345 cu.in,
==> Va = 0.154 cu.in.
Vf = 2.345 - 0.154
Vf = 2.191 cu.in.
Pi*vi
Pf =z e——— - 12.7 psia = (psig);
v
£
==> Pi = 12.7 psia
==> Vi = 2.345 cu.in.
==> Vf = 2.191 cu.in.
_ (12.7 psia) * (2.345 cu.in.) _ .
Py = 2.191 cu.in. 12.7 psia
Pf = 0.893 psig
REVISION ____ 00C NO. TVR-19794 | vot
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W CORPORA TION

SPACE OPERATIONS
SCENARIO #1
FINAL Va VOLUME AND PRESSURE RISE
WITH AXIAL DISPLACEMENT
' Pressure

Axial motion will roll
the secondary O-ring
from the "seated" to

the "unseated" position.

! (Va)primary

<im (Vl)secondaty

1ef=f

A
\(va)

secondary
INITIAL FINAL
Vf = Vi - (V1 - Va)sec - (Va)pri; ==) (Va)pri = 0.154 cu.in.
==> (V.) = 0.123 cu.in.
a’‘sen

==> (Ve = [Vgroove - vO-ring - Valsec

==> (V) - 2.478 - 2.017 - 0.123
sec
==> (Vl)sec = 0.338 cu.in.
Ve = 2.345 - (0.338 - 0.123) - 0.154
Vf = 1.976 cu.in.
Pi*Vy
Pf = - 12.7 psia = (psig);
Ve
P.*V, = P_*V_; ==> P_. = 12.7 psia
i° f e S vf - 2.345 cu.in.
== Vf = 1.976 cu.in.
(12.7 psia) * (2.345 cu.in.) _
Pe = 1.976 cu.in. 12.7
Pf = 2.372 psig
TWR-19794
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SPACE OPERATIONS
SCENARIO #2

FINAL V4 VOLUME AND PRESSURE RISE
VITHOUT AXIAL DISPLACEMENT

Pressure

<4

v

1) primary

1]

INITIAL FINAL

Vf = Vi - (Vl)pri; ==> Vi- Calculations contained in Appendix B
== Vl = 3.206 cu.in.
==) (Vl)pri = 0.453 cu.in.
Vf = 3.206 - 0.453
Vf = 2.753 cu.in.
Pi*vl
Pf = - 12.7 psia = (psig);
Ve
== Pl = 12.7 psia
==> Vi = 3.206 cu.in.
==> Vf = 2.753 cu.in.
(12.7 psia) * (3.206 cu.in.) .
Pg = 2.753 cu.in. 12.7 psia
Pf = 2.090 psig
REVISION _ 0OC NO. TWR-19794 l voL
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W CORPORATION

SPACE OPERATIONS
SCENARIO #2

FINAL Vz, VOLUME AND PRESSURE RISE
WITH AXIAL DISPLACEMENT

‘ Pressure

V)

a’ primary

I
Vl) primary //E;T} Axial motion will roll
{
N/
r____

the secondary 0O-ring
(i::jj {va) secondary

from the "seated" to
the "unseated" position.

INITIAL FINAL
Ve =V, - (vl)pri = (V) geet ==> Y, = 3.206 cu.in.
== (vl)pri = 0.453 cu.in.
==> (V.) = 0.123 cu.in.
a’sec
Ve = 3.206 - (0.453 + 0.123)
Vf = 2.630 cu.in.
Pi*Yy
Pf = ——— - 12.7 psia = (psig);
v
f
P.*V, = P_*V H ==> P_ = 12.7 psia
I —=> vf = 3.206 cu.in.
== Vf = 2.630 cu.in.
. (12.7 psia) * (3.206 cu.in.)
P = 2.630 cu.in. - 12.7
Pf = 2.781 psig
REVISION DOC NO. TWR-19794 l voL
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TACOAOE corrorarion

SPACE OPERATIONS
SCENARIO #2
FINAL V4 VOLUME AND PRESSURE RISE
(CALCULATIONS #2)
EXPLANATION:

REVISION

Due to limitations in the test fixture, Scenario #2 positioning
of the 0-rings was achieved by fixture assembly. Therefore the
exact position of the O0-rings prior to experiencing pressuriza-
tion 1is unknown. Because of this unknown, the pressure rise
predictions are not even close to the actuals produced from
testing. This 1is obviously shown in Table &4 comparing
predictions to actuals. These prediction calculations are on
pages 6 & 7 of Appendix C.

To understand the movement of the O-rings due to axial
displacement wunder Scenario #2 <configuration, a second set of
calculations were necessary. The second calculations assume the
final position of the O-rings is identical to the final position
of the O-rings in Scenario #1 with axial displacement. Hence,
Calculations #2 use the initial volume determined in Appendix B
and the final volume of Scenario #1 determined on page 35 of
Appendix C. i.e.==>

<3
"

3.206 cu.in.
= 1.976 cu.in.

rh
[

Calculations #2 are shown on the next page. These calculations
vere used to predict the final pressure rise for Scenario #2
with axial displacement only and are listed in Table 5.
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M CORPORATION

SPACE OPERATIONS
SCENARIO #2
FINAL V4 VOLUME AND PRESSURE RISE
WITH AXIAL DISPLACEMENT
(CALCULATIONS #2)
g Pressure
* Initial O-ring positioning "‘"“}
is unknown. Final O-ring \‘
positioning is assumed to p
be identical to final posi- ) ,
tioning of Scenario #1 with
axial displacement. IR
"y
%
—
FTNAL
Ve = Ve(scenario #1) = 1:976 cu.in.
Pi*Vy
Pf = ———— - 12.7 psia = (psig);
Vf .
P.*V, = P_*V_; ==> P_ = 12.7 psia
i Et -=> Vi - 3.206 cu.in.
p (12.7 psia) * (3.206 cu.in.) 12.7
£ - 1.976 cu.in. ’
Pf = 7.905 psig
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